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PEEFACE TO THE SECOND EDITION. 


ffiiE first edition of my translation of Dr. Hess’ Fonsr- 
scHUTz, published in 189,is now exhausted. I have tliere- 
fore revised i^and have increased the'number of pages from 
593 to 712, and the number of plates from 259 to 300. 1 
have also added a portrait and short biography of Dr. Hess, 
both of which are taken from a biographical sketch written 
by Forstmeister P. Kraetzl, and published in 1902, in the 
53rd annual volume of “ Verhandlungen der Forstv^irte von 
Miihren uud Schlesien.” I have also added an index, aUhougli 
the table of contents appeared to me, when publishing the 
first edition, as a sutficient substitute. 

The French have never produced an independent work on 
forest'protection, but have included the subject in works 
on silviculture, entomology, mycology, &c.; the rapid sale, 
however, of my first edition has shown that English-speaking 
foresters require a separate treatise, while such a treatise is 
^t of the scheme of Schlich’s Manual of PoBEsm, of 
which this book forms Volume IV. 1 have been asked why 
I do not tvrite an original book on the subject. It would 
have been impossible to do so without borrowing largely 
from German authors, and it therefore appears preferable 
to cojStinue my former plan of translatiag the best German 
work on the subject? 

Moat of the additional matter contained in the presSht 
Itolume, as compared with the former edition, is due to 
Idd^ions* made by Dr. Hess, in the fourth edition of bis 
foK 8 T| 0 HiiTz? published in 1900, He has also revised the 
scientific nomenclature of insects and fungi, and has corrected 
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his earlier editions wherever the advance of knowledge rendered 
such correction necessary. The present volume is not, how¬ 
ever, merely a translation of Hess’ book; I have added matter 
that I considered important for British and Indian foresters, 
and have omitted other matter as being only of local interest. 
Several of the new plates are not in Hess’ book*, but have 
been inserted as illustrations of the subject-matter, ^nd also 
to fill otherwise unsightly gaps at the ends of the chapters. 

This second edition of Foebst Peoibction is uniform with 
the third edition of Volumes I., II.' and III. of the Manual of 
I' onESTBY, which are written by Dr. Schlieh. It will very 
shortly he necessary for me to publish a second edition of 
Volume V., 1'oiiest Utilization, as that book is also nearly 
out of print. 

W. It. PISHEE. 


II, Lin’^dn Koai). Oxford, 
Jnnmi'i/ lx/, 15io7. 




PEEFACE TO FIRST EDITION. 


Bk. W. Sohlich, C.I.E., has allowed the present book to form 
Volume IV. of his Manual of Fobesiiiy. For this favour I have 
therefore to thank him, as well as for the kind advice and 
assistance he has always readily afforded me dtlring the progress 
of the work. This treatise on Fobbsi Pboieciion, the full scope 
of which is explained in the Introduction, is an adaptation for 
English readers of the well-known German Fobsisohotz, by 
Dr. Eichard Hess, Professor of Forestry at the University of 
Giessen, in Hesse Darmstadt, to whom I am most grateful for 
permission to utilize his book and its Ulustrative plates. I 
have found it at times necessary to deviate from the original, 
especially in the chapters on Forest Offences and Eights and 
Forest Insects, so as to render them more serviceable for 
English readers. I have also, wherever practicable, exemplified 
the subject-matter from Britain and India, so that the book 
might be specially useful to British and Indian foresters. 

• Mr. B. H. Baden Powell, C.I.E., Instructor in Forest-Law at 
the Eoyal Indian Engineering College, and late Judge of the 
Chief Court of the Punjab, has very kindly revised Chapters III. 
and IV. of Part I., which deal with Forest Offences and Eights, 
and has rewritten the pages on forest property and the general 
account of forests rights, so as to make them concordant with 
English law. My own knowledge of insects is too inadequate to 
enable pie to deal properly with Part II., Chapters IV. to Vlil., 
which treat of Forest Insects; I have therefore submitted my 
baqplatign of this portion of the Fobstsohuiz to Mr. W. F. H. 
Bla^ord,¥<Z.8., lecturer on Entomology at the Eoyal Indian 
* tSngineering College, and I here express my great obligation to 
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him for revising these chapters and rewriting many pages of 
them, so as to make them more distinctly applicable to British 
insects. While those portions of the work of Dr. Hess which 
deal with insects unknown in the British Isles have been 
largely abridged or entirely omitted, it has not been found 
possible or advisable to remodel the chapters on insects from 
an entirely British point of view. The scientific names of the 
insects referred to have been altered, wherever this was* 
required, so as to conform with the nomenclature adopted in 
the best modern systematic works on British entomology. 

Dr. H. Marshall Ward, F.E.S., has very kindly looked over 
Part III., which deals with forest weeds and fungi, in which he 
has made some corrections. The scientific names of the forest 
weeds follow Hooker’s and Bentham’s British Flora, 1892, 
and those of the fungi, E. Hartig’s Leheudoh nsa Baum- 
KEANEIIBITKN, being nearly all the same as those adopted by 
Dr. Hess. 

My colleague Dr. F. E. Matthews, P.I.C., has very kindly 
assisted me wherever any special knowledge of chemistry was 
required, as in the last chapter dealing with the effects of a'eid 
fumes on trees, and also in correcting proofs of the whole 
book. I have to thank Mr. J. W. Sowerby, of the Botanic 
Gardens, Eegent’s Park, for information supplied regarding 
the effects of London smoke on the growth of trees. 

Due reference will be found in the footnotes to the authors* 
whose works I have consulted. 

W. E. FISHEE. 

fOOPEEB Hmi. CotLKUE. 

May l8t, 1895. 



SHOET BIOGRAPHICAL NOTICE OF 
■ DE. EICHAED HESS. 

Eichard Alexander Hess was bom on the of Juno, 
1885, in Gotha. His father, Karl August Hess, was Privy 
Councillor aiid Member of the Board of Eevenue at Coburg, 
where Hess passed his early youth. In 1819, his father 
became President of the Board of Eevenue at Gotha, and 
Hess continued his studies there. After leaving school, he 
was at first inclined to a military career, but in 18.51 decided 
to become a forester and studied practical forestry and at the 
same time entomology and botany in the Georgental Eevier, 
under Oberforster, afterwards Forstrat, Kellner, and Forst- 
meister Schriidter, both distinguished mee. In 1855—6C, 
he attended the Bavariiwi forest school at Aschaflenburg out of 
which he passed first- among thirty-four candidates. From 
1856 till 1858, he attended classes in Law, Finance, and 
Natural Science at Gottingen. 

He entered the State forest service of Saxe-Coburg-Gotha in 
re58, and was appointed, in 1859, to the charge of the forest 
range Gehlberg, in the Thuringer Wald. The reigning Duke 
was extremely fond of the chase, so that forestry was then 
subordinate to game-preserving i# the State forests.' Thi| 
subordination of forestry to game induced Hess to write on 
the subject to the Fm-tUmd-Ja/jdzcitmg, of which Dr. Gustav 
Hess, Professor of Forestry at Giessen, was then editor. 
This paper was not published, but it led to his visittug 
• Heyer at Giessen, and he thus formed a friendship with one 
rf ^>e meat distinguished of German foresters. 

C lj^ Beirer uAde him French correspondent to the Forst-und 
and he translated a number of French forest 
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pamphlets (“ Annales forestiMes,” “ Eevue des eaux et for^ts," 
te), and reviewed several importatt French works on forestry. 
In 1868, Beyer was appointed Director of the newly-established 
forest school at Miinden, and Hess succeeded him as'Director 
of the Giessen forest school and Professor of Forestry there. 
This post he has held ever since, although he was nominated 
Professor of Forestry at Vienna in 1877, and to a similar post 
at Munich in 1884, but he preferred to remain at Giessen. 

Hess was made a Privy Councillor in Hesse Darmstadt in 
1890, and in thesame year, his portrait and a sketch of his career 
appeared in the Golden Book of the German people among 
the eleven most distinguished German foresters. He has 
published several works, which give a true picture of his mind, 
intelligent, clear and true. The best-known among these 
are: “ Forstschutz,” the 4th edition of which was published in 

1900, of which the present book is chiefly a translation; 
“ Eigenschaften und forstiches Verhalten der wigtigeren in 
Deutschland einheimischen und eingefuhrten Holzarten”; 
“Encyclopiidie und Methodologie der Forstwissenschaft ”; a 
revision of the 4th edition of Heyer’s “ Waldban ”; and “ Die 
Forslbenutzung,” a second edition of which was pubhshed in 

1901. 

Hess has tiavelled all over Germany in order to observe the 
various aspects of local forestry, also in Austria, Bosnia and 
Herzegovina. He is one of the most popular and widest 
known of German foresters, and English-speaking people 
ate greatly indebted to him for the permission he has so 
generously accorded for # translation into English of the 
results of his long experience and studies. 



FOKEST PKOTECTION 


INTRODUeTION. 

1. Definition of the Term Forest rnoTHOTioN. 

Forests may lie protected liy two agencies 

By tho State, through laws and regulations niado for the 
general- welfare of the country and forming tho subject of 
Forest Imw. 

By the timer of the forest, in his private capacity; only 
this part of the subject conies under the term Forest Pnileeliim, 
which may therefore be defined as follows 

Forest Prnteelion has for its object, the seciiiitii of forests, 
as far as lies irithin the power of their oiniers, aejauist imfaroiir- 
able external influences. 

The measures to be taken in order to protect a forest 
may be 

Preeentke or remedial, according as their object is to ward 
off certain dangers, or to remedy evils which the forest has , 
already incurred. 

The essential conditions of successful Forest Protection 
are:— 

Knowledge of the phenomena and causes of all damage 
which may threaten forests. 

Knowledge of the available preventive and remedial 
measures. 

A proper application of the above knowledge to any special 
ca^e of damage which may arise. 

2. Position of Forest Proiec^ion in Forestet. 

V fhaposition of Forest Protection in the science of forestry 
be ajen Som the following considerations 
ftf^^iedture teaches us how to form, tend, and regenerate 



fortsta; Forest Protection, how to guard thorn agaiflff 
external influencea, and ia followed by t'Orest UtUmtimi, whieM j 
ahowB how to utilise a forest in the most suitable inanner.> 
ipiese three branches of Forestry are also included in the 
term Forest Vro<hid\on, while the remaining branches are 
oomprised under Fsrest Management, which includes Mensum- 
tion and Vdmiioii of Forests, ]i oricing-Plans, and Political 
Economy applied to forests, which may be temed Forest 
Policg. 

3. HiBTonicAn Notice. 

The first trace in history of forest protection consists in that 
afforded to sacred groves and trees. We read of such groves 
in the llible and in Tacitus, and they still exist in India, 
especially in the hill-tracts south of Assam. In Europe, the 
oak and lime appear to have been the trees looked- upon as 
most sacred, and in the Himalayas, tbeda«/Mi- (God’s tree). 

The Ban forests of the middle ages, established by the 
Emperors of Germany and other royal or noble personages 
who wished to secure sufficient tracts of forest for the pre¬ 
servation of deer and other game, formed the next stage. 
The Windsor, Eppiug, and Dean forests, the New Forest, and 
some other smalior forest areas are the relies of former 
extensive tracts reserved as hunting-grounds by the Norman 
kings of England. 

The forest laws of the middle ages, besides being chiefly 
concerned in the preservation of game, contain many provisions 
regarding boundaries, forest fires, mast, forest pasture, damage 
to trees, etc. In the Salzburg Forest Ordinance* of 1524, for 
instance, directions are given regarding boundary marks. In 
- a Bavarian forest ordinance of 1568, the influence of the west 
wind on the natural regeneration of forests is referred to, and 
. directions are given to leave a protective belt of trees to the 
Xfest of a felling-area. 

‘In 1665, the famous Ordotinanee des forHs proposed Iq 
-C olbert was sanctioned.by Louis XIV, and, amongst othea 
improvements, put an end to the grazing of sheeji and,goSti 
in the French Crown forests. 

* H. Eding, “ Die BechUwhSltntese de» Wsldes.” fieflin, 1874, 
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[>’^(31'^ Oirlbmtz in 1718, in his classical work SykiaiUiira 
(Econmka, which is chiefly devoted to sylviculture, de^tribes 
several measures of forest protection, including a regulation 
made ia 1680 against oateri>illar3. 

As regards damage by game, Bnrgsdorf wrote in 1796 con¬ 
cerning the peeling of bark by deer. At the. commencement 
of the nineteenth century, the damage done to forests by game 
was very considerable; in a battue hold by King Frederick 
.of Wurtemberg in 1812 in the beech forests near Tiibingen, 
823 deer and wild pigs were killed in two hours. Only 
since the eventful year 1818 has damage ly game to forests in 
Germany considerably diminislied, and become more localised 
by the constitution of sjiecial parka for game. Such was the 
forest of Compiegne under Napoleon III., where all the forest 
revenues were absorbed by the cost of fencing and planting the 
young woods, and whore, in 1870, several hundred red-deer 
and thousands of roes, besides much smaller game, wore killed. 

In England, James the First was the first monarch who 
considered forest trees of more importance than game; he 
obtained much unpopularity by enclosing jiart of Windsor 
Forest, and put an end to the pollarding of maiden oak-trees, 
i which were lopped in winter to enable the deer to browse off- 
the bark of the lopped branche.s. None but pollard oak have 
been lopped in this way since 1608, and the hollow old oak 
pollards now in the Windsor I'oreat were in existence before 
that date. That king’s fondness* for knocking rabbits on 
the head with a stick would, however, bo amply satisfied 
were he now at Windsor, as rabbits have increased in the 
most alarming manner during the lust 20 years, and have 
destroyed the valuable undergrowth over large areas of the 
Jorest. They render the reproduction of the trees exceedingly 
difficult and expensive, and altogether nullity the proper 
management of the large area of oak forest planted for the 
ijation in 1816-25. Such wholesale destruction of valual^e 
;lff<Sods by rabbits would not be allowed in any other European 
^wn forest. 


►’"'Poiest grazing was regulated in 1585 by the ordinance 
^h^eh>, wCieh prescribed a S-years close season for 


of 

all 


Hepworth Dixon, “ Royal Windsor.” 
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coppice woods with 12-years rotation. Forest pasture, an 
pann^e, or the eating of mast by pigs, have greatly falle 
off in importance of late years, but in earlier times thei 
forest usages vied in importance with that of hunting. 

The great damage done to forests by insects was first noted 
in Germany in 1780, and between that date and 1830 several 
works on Forest Entomology appeared. That by Eatzeburg 
was published in 1837, and another by Altnm in 1872. 
Eatzehurg’s book was revised and enlarged by Judeich and 
Nitche in 1885 and in 180!i. 

The engineer Bremoiltier undertook the fixing of the shifting 
sands on the west coast of France in 1800, on lines already 
proposed by Baron de Charlevoix Yillers in 1786. A French 
law on that subject was passed in 1810. Oberforster vonKropf 
did a similar service for Germany at about the same time. 

The great damage done in 1866, by floods in the Ehone 
Yalley, induced the French to pass in 1860 a law for 
“ rehmement Ars mmilm/nef." 

Forest fires were formerly of freipient occurrence in France 
and Germany, but are now regarded as national calamities, 
and rarely allowed to extend over considerable areas. A special 
law against forest fires in Danpliiny was passed in 1872, and 
revised in 1893. They are still prevalent on a large scale in 
Enssia and Greece, and in North America. In British India, 
for' the last 80 years, a steadily increasing success has been 
attained by the Government in its efforts to reduce the area 
of Slate forests burned annually, and measures tor protecting 
36,651 square miles of State forest irom fire were taken in 1903. 

The preservation of birds useful in forestry and agriculture 
has been furthered by the naturalists of different European 
countries and by the enactment of special laws. At the same 
time, the British gamekeei)er by indiscriminately destroying 
birds-of-prey and the smaller carnivora, has allowed rabbits 
a^d wood-pigoons to increase so enormously, as to become a 
veritable scourge to forestry and agriculture, to say nothing of 
even greater danger from mice and voles. i 

Lastly, Uie researches of 'Willkomm in 1866, aniof BobeH 
Hartig in 1874, have brought to light the causes 
diseases of forest trees which are due to funsi. /im 



WsoDncnoN. 5 

4. Abbanokmeni op Mateeul. 

The measures to be taken by the owner for the protection 
of his forests may be arranged under the following heads 

Protection of forests against man, animals, plants, atmo¬ 
spheric influences (frost, heat, wind, rain, hail, snow and 
rime); agSinst extraordinary natural phenomena (inundations, 
avalanches, shifting sand and forest fires); and against certain 
diseases the causes of which are doubtful, stagheadedness, and 
factory fumes. 

A detailed list of the headings are given at the commence¬ 
ment of this book. 

It will be noticed that some of the protective measures sug¬ 
gested in certain cases are conflicting; thus woods should be 
cut from west to east, in order to protect them against cutting 
east winds, but from east to west, when liable to be thrown 
by strong westerly gales. Stumps must be extracted to pre¬ 
vent the breeding of certain insects, but should bo left on' 
hill-sides, when there is danger of erosion. The forester will, 
however, have little difficulty in deciding, for any ease, which 
is the greater danger, and will bear that chiefly in mind in 
protecting his woods. 

6. iiisi OF Sciences on which Poubbt PnoTECiioN is iiabed. 

Jurisprudence, chiefly as regards landed property and 
servitudes. 

Zoology, chiefly of game and forest insects. 

Botany and Mycology. 

Physiography and Meteorology. 

Other branches of Forestry (Sylviculture, Forest Utilisation, 
and Forest .Policy). 

A knowledge of forest legislation and of game laws is also 
useful. 
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A. 

Adders, 172 

Aecidium Abietinmn, '1C2 
• ,, colnmnare, KK 

„ (imorum Pieeao, 172 

,, oLitimini, 14S 

„ strobilimiiti, 172 

Aglaosjiora taleelu, IHl 
ATiimiils, iiijuiKu bj', !ij 
Aats, Ifld 
Ajihididac, lifit 
Ash-twig moth, 1!H 
Atmospheric. iijlluciici'.s. IS'l 
Avaliuiches, (illl 

]!. 

liacb'ria, 121 
Badger, 121), 1(17 
Burk, utilisation ol, 27 
„ rights to, .S4 

Bark-heotles, 1 hS, 23.5,131, o34. Cl 1 
Bark-bhstoi', oak, INI 
,, hu'ch, lo4 
liark-scorchiug, 322 
Boars, 135 
Beavers, 135 
Beech canker, 477 
,, seedling mildew, 4N2 
„ woolly aphis, dWi 
Bees, 11)3 
Birch, 402 

Birds, damage hv, 130 
„ useful, 107 
„ proloction by l»w, 172 
Black-game, 138 
Blackthorn, 403 
Bordeaux mixture, 466 
Bordered-white moth, 326 
Botritis Douglussii, 461 
Boundaries, 10 
Bracken, 407 
Brambles, 403 


Braufhwood, dead, .il 
Broom, 300 

(’. 

CiK'oma piiiitnniuum, 111 
Cuiuels, 40, 17 
(.'anker, U'ceh, 477 
„ silver-lir, llil 
(Vporcailzie, 13,8 
I 'uttlo, 10 
Centipedes, 173 
Ccrainhycidiu!, 1 IS, 270 
Chaicoal, 01 
Chcrmi’.s, 361, l,i7 
Chrysoiiiyxa Abiclis, 162 
Ciuipidac, 3,18 
Click-beetle,s. 211 
Cuekehafors, 200 
1 'occidno, 366 

('olbeil’.sKelormol l'’ri'ncli Ime.sf.s,2 
Cole»])lioiii luncellu, 316, 'IM 
Colooiitera, injuriou.s, lOO 
,, useful, ISO 
Communal forests, lirewmid, 61 
Cimipicgiie, forest of, 3, 107 
Coral-spot disease, 170 
Cortieium umoiphum, 15?. 171,682 
Cossus, 148, 282, 2!fl 
Crickets, 368 
Crows, 1.30 
Cuckoo, 165 
Cuscuta, 417 

1 ). 

I)asy.‘ic_v]iha calyeiua, 4,74 
Deau forest, 2 

,, ,, plague of voles, 127 

Beath walch beetle, 217 
llifitera, useful, 101 
,, injurious, 367 
Diseases of insects, 186,302,317,322 
,, of plants, 671 
Dwlder, 417 
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Donnice, 122 
HragonflieB, 197 
Uminapie, JiOl 
Drought, 51 ■! 

E. 

EaBPBiontB, foi'OKt, 117 
Elephant*, 40,47 
Elm hurk-hcetle, 277 
Epliing forest, Si) 

Exoascus, I4,S 
ExosiKjriimi, 45,1 

E. 

Eactory i'luiies, 095 
Fallow ileei', 109 
FomO*, 119 
Fiiiehos, injurious, 140 
,, utility of, 109 
F'irps ill foroi-ts, 029 
]''islK‘nos, 52, 99 
F'lies, 195 

I'kimes anuosiis, 4115 
h'oxos, 117,120, 107 
Frost, 491 
Frosteraek, .iOj 
Ji'rosUitting of seedlings, 510 
Fungi, 119, 421 

(}.■ 

flall-flies, 2(1(1 
,, -wasjis, 259 
(lame, 52, 99 
GiistrujKicha pirn, 294 
(leometndae, 22(1 
Uoat moth, 148, 292, 291 
(ioldcrests, 107, 244 
Grease bands, 170, 200, 218, 231 
Greased harriers, 17(1 
Gulls, 109 
Oypscy moth, 219 

II. 

Hail, 557 
Hares, 40, 47, 115 
Heatcrack, 520 
IJcatlicr, 4(KI , 

Hedgehog, 129,107 


Homiptera, injurious, 361 
„ useful, 197 
Herdsmen, 48 
Heron, utility of, 130 
Herpotrichia nigra, 472 
Honey fungus, 429 
„ wild, 53 

Hydnum divorsidens, 476 
Hydrochloric acid, effect on tioas, 
097 

Hylobius abielis, 225 
llylurgus piniiierda, 205 
Hymenoptora, injurious, 319 
„ useful, 181 
Ilypnum, 50, 408 
I Ilysterium I'inaatri, 405 

I. 

Ichneumon wa8p.s, 173, 184, 244 
Insect diseases, 190, 302, 317, 322 
Insixits, classiliejltioii, 149 
„ index of destructive, 374 
,, injurious, 199 
,, useful, 190 
Insolation, 514 
Inundations, 580 

J. 

Jays, 1.39,168 
Junijier, 409, 419 

K. 

Kestrel, utility of, 130, 168 

D. 

Eadyhirds, 183 
Lapwing, 168 
Larch blister, 348, 454 
„ miner moth, 346, 456 
Ijoaf-beetles, 283 
Leaf-roller moth.s, 331 
Loaves, utilisation of, 29 
• „ rights to, 84 

,, injured by fumes, 695 
I^pidoptera, 298 
Lianes, 410 
Lightning, 658 
Utter, utilisation of, 49 
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Iiitter, nghte to, 88 
Locusts, 371 
Longicom beetles, 279 
Looper moths, 326 
Lophodermium macrosponim, 767 
,, norvisequiiim, 468 

• ,, Pinastri, 465,688 
Lorantbus, 41,5 

* M. 

Martens, 117,122 
Melamporella ciirydphj’llnc'eanmi, 

448 

Melampsora Hartigii, 4S5 
„ piiiitorqua, 414 

„ sp., 4S6 

Mice, 123 

Minor produce, 27, ,53 
Mistletoe, 412 
Mole, 129 
Mole-cricket, 308 
Mouse typhus, 131 
Musk beetle, 2,S3 

N. 

Nectria ciunabarina, 479 
„ CucurhituU, 452 
' ,, ditissinia, 477 
Needle-cast, krch, 469 
,, piuo, 465, 685 

„ silver-tir, 468 

„ spruce, 467 

Needle fungi, 461 
Nesting boxes for biids, 109 
Neuroptera, useful, 195,199 
New Fored, 2 
Noctnidae, ,319 
Nun moth, 310 
Nurseries, protection of, 3!Hi 

0 . 

Oak bark-blister, 481 
„ leaf-roller moth, 333 
Occlusion of wounds, 104 
Offences in forests, 55 
Orohestes fagi, 221 
Orthoptera, 368 


Owls, utility of, 1,31), 168 
Ownership defined, 66 

1 ‘. 

I’aimago, 31, 87, 171 
I’astnie, hircst, ,'I5, 86 
reridenniuin I’ini, 411 
,, (ncicnla), 461 
resliilozzia Ilarligii, 160,481 
IVziza Willk'innnii, 151 
Vhcasants, 138 
I’hyfijplithoniFagi, 182 

,, ■ ouininira, 182 
I'ig, wild, 111, 167 
I'igcons, 139 
Fine liemity, 320 
,, beetle, 265 
hlisti'i', 411 
,, hiunch-twist, 414 
l«ii«'r moth, 326 
„ moth, 291 
,, needle-ciist, t65 
,1 shoot toi trix, 335 
Fhuit lice, 361 
Foison for mice, 131 
•iWisits, 117, 129,167 
Folytrichnin, 50,407, 409 
Folyiwrns fulvus, 451 
sp,: 440,470 

,, suliihni'cnfl, 440, 47 
Forcupines, 135 
I’rnportydclined, 64 

E. 

Eabliits, 3,116 
Ihain, .554 
Eats, 124 
lied deer, 97,99 
,, rot, 439, 673 
Resin, 28 
Eotinia sp,, 235 
Ehizina, 437 
Rhytisma aoerinum, 483 
Bights of eoinmon, 69 
„ to water, 90 
„ of way, 98 
Eimc frost, 574 
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^ent»,lU 
TOedeer, 110 
SxK^, ISO, 335 
Boot {ungi, 429, 473 
Itosellink quercina, 473 
Hove beetles, 181 

S. 

Sand dimes, 021 
„ inland, 030 
Sawflios, 349 
Scale insects, 300 
Soptoi'k parasitica, 400 ” 
Servitudes, 07 
Sheep, 40, 167 
Shrews, 129 
Shrikes, 108 
Silver-fir canker, 448 
Sirea, 148 
Snowbreak, 561 
Softwoods, 81, 98 
Soil deimdation, 582 
Sphaeiella lariciiia, 109 
Sphagnum, ,50, 409 
Spiders, 173 
Spraying plants, 177 
Spruce canker, 452, 477 
„ cone fungus, 472 
„ needle rust, l63 
Squirrels, 118 
Stagheodedness, 680 
Starlings, 167 
dtereum hirsutnm, 477 
Htoats, 117,129,167 
Stones ij forests, 62 
Stermj, 331 

folphurous acid fumes, 6W 
Swamps, 390 

iycamoro leaf-blotch, 483 
T: 

rnchinae, 173, 195, ,316 
I'emplate, 18 


Termites, 194 ; • '■ 

Tiger beetles,' 180 
Tineidae, 343 
Tomicus typographas, 
Tomtits, 167, 244 
Tortricidae, 331, 454 
Tree traps, 176 
Tramotes radicipeida, 435 
,, I’ini, 438 
Tricbosphaoria paiasitica, 471 
Tuniip darj moth, 325 
Tnrpeulino, 28, 84 


Uprooting by frost, 510 
Utilisation of foresfo, 23 


Voles, 124 


Wasps, 188 
Wax, collection of, 53 
Weasels, 117, 129, 167 
Weeds, 386 

„ hosts of fungi, 418' 
Weevils, 217 
Wliito i-ot, 439, 679 
Willow beetle. 285 

„ loaf-blister, 485 
Windbreak, 113, 550,653 
Windfalls, rights to, 83 
Winds, 513, 527 
Windsor forest, 3, 331 
Winter moth, 329 
Witches’ broom, 447 
Woodpecker, 76,142, 244 
Wood-wasps, 335 
Woolly aphis, 366 
Wrens, 167, 244 
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PEOTECTION OF FOEESTS AGAINST MAN, 




PEOTECTION OP FORESTS AGAINST MAN. 

Thb damage which may be caused to forests by our fellow- 
creatures may be classified as follows 

Injuries to forest boundaries. 

Irregularities in utilising forest produce. 

Theft of forest produce and damage to forests, or forent 
offences. 

■Excesses by holders of forest servitudes. 

It is the duty of the forester to maintain the boundaries of 
the forest entrusted to his cure, to counteract irregularities in 
utilising it, to prevent theft of forest produce and damf^e 
to the forest, and also excesses in the exercise of forest 
servitudes. 



CHAPTER I. 

PEOTECTION OP POEEST BOITNDAEIEB.* , 

A CLKARiy defined and permanent'demareation of a forest 
stands in the first rank of the protective measures for forest 
property., It protects the forest against fraud and damage, 
and affords security for all the details of forest management. 

The different points which require considejration under this 


heading are;-*- 


The various kinds of forest boundaries. 

Settlement of 

do. 

Demarcation of 

do. 

Survey of 

do. 

Description of 

do. 

Legalisation of 

do. 

Upkeep of 

do. 

Cost of 

do. 

Improvement of 

do. 


1. The Various Kinds of Forest Boundaries. 
Boundaries are of two principal kinds, properly and ad¬ 
ministrative boundaries. 

; By the term property immdaries is meant those that separate, 
‘estates, or portions of the same estate subject to servitudes, 
i), Property boundaries may be either external or internal 
. surrounding enclosures. Boundaries of servitudes separate 
; those parts of an estate that are affected by rights of third 
i j^rties from those wliich are not so affected. Parts of a forest 
||aay be leased for sporting or other purposes, and their 
^il^undaries must be clearly defined. 

Administrative boundaries^mny indicate:— 

Administrative units, such as beats, ranges, divisions, etc., <«i; 
Working units, as compartments, periodic blocks, working 
r,: sections, working-circles, etc. 

t SdlBg, H.,“Die EechtsvcrliiUtnissedea Walden.” Berlin, 1874.'..VWlCi'Ri 
Die Sieberving der Kontgrenien.’’ Eberswalde, 1879. 



WEARIES. .11'; 

% Seitlment of Brnidariet. 

All forests must be properly demarcated by boundaries. 

The procedure for settling boundaries differs according as 
they are property at admhmtratkt boundaries.' Administra¬ 
tive boundaries depend merely on the will and pleasure of the 
owner of the estate, and the details regarding them are dealt 
with under Working-Plans. 

Property boundaries must be accurately delined. This is 
of the greatest importance to the oirncr and also to the pnhlii, 
BO as to prevent uncertainty and unnecessary work for the 
executive and legal machinery of the State. Hence in all 



% I- . i'ig- 2- 


civilised countries the procedure for settling property bonni- 
aries is laid down by law. Evidence as to the correct 
boundary consists in existing boundary pillars or traces of 
where they have been, statements of old i)eople who know the 
boundaries, and boundary maps. The settlement is best done 
by a public surveyor, who may be either chosen by the parties 
concerned, the adjacent owners, or by the executive State or 
local authority. 

; Daring the boundary settlement the adjacent proprietors 
should be present personally, or by their legally appointed 
||entB, and boundaries which may be regulated in their . 
^ence after a formal summons to be present will be held to 
have been duly accepted by them. The surveyor shoBld' 
endeavour to lay down the boundary on the ground by friendly'. 
^e^enb between the parties; if he should not succeed, the. 
O^petgsit^^-courts or officials must decide disputed points, j 
^^,;Aniveyor should fix the boundary lines as long and '^ 



gfraight as possible, in order to render the estate sMi 
yalnable, and to keep down the cost of demarcating and 
maintaining the boundary. This maxim should not, however, 
be carried too far, when by so doing, boundary points would 
be situated in inipassable places, such as swamps, etc. 

All boundary points which have been finally settled should 
at once be marked by durable posts, and by digging narrow 
trenches in the direction of the boundary lines (Fig. 1), or in 
a circle round each post (Fig. 2). During the progress of the 
boundary settlement, the surveyor should make a rough plan 
of the boundary line, and keep notes of the evidence brought 
before him. 



Kg. 3.—I’artiUon of an island by the line M M, mid-stream, between two adjacent 
owners, A. and B., into two parts J,. 



Fig. 4.—Partition of a rivet-side accretion C, by the line tie. 

3. Demrcatm of Bomdariet, 

The demarcation of boundaries is effected by natural, arti-. 
ficial, or mixed boundaries. » , * 

Property boundaries require to be more permal5te%j^mark9|f 
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‘ lOBKST BOCNDARIES. 13 

a. Natural Bmndaries. 

Natural boundaries are:— 

Water-partings, 

Water-courses, 

Marked trees, etc. 

With the exception of water-partings no natural "boundaries 
are very permanent. Streams frequently alter their course, 
and trees are liable to die or be blown over or cut down.* At 
the same time, wherever the course of a stream is fairly well 
fixed, as in a deep valley, such a natural feature forms a good 
and economical boundai'y between two iiropertios. In the 
case of water-courses, viid-Ktiram is generally considered the 
boundary as in Fig. 5. Whore dejmsitB of new land occur, 
they belong as a rule to the proprietor who owns the shore 
along which they occur. If sercral oirners parlicipafe in the 



shore, the new boundaries are indicated by producing the 
original boundary line through the new accretion to the water¬ 
side as shown in Pig. 4. In the case of erosion and re-deposit, 
laws differ; in some cases, the owners, can claim the area thus 
lost and re-deposited. In other cases, as in certain parts of 
British India, new islands formed in the middle of a river 
belong to the State. Owners are allowed to prevent erosion 
by artificial works, fixing the banks, etc. It is not, however, 
permissible to induce deposits by artificial means. 

I For greater security natural boundary lines may be marked 
% numbered marks similar to those described below for arti-' 
ficial boundaries. If the centre of a stream is the boundafy, 

f PoUaaded trees often serve as bojindary marks in private foroHls near the 
liter ]|hme. »Tbey are thus easily distinguished from ihe other trees, that are 
Bot poUard^d^id^ of poplars or willows may txi planted on favourable soil to 
IKTe as t^lMdary roarb. These may be subsequently pollarded. In India, 
<£ Moiu may be used. 
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&itionndary marks are placed alternately Ou QAlUiQl DtMIB 
it, .as in Fig. 5, but only on one side of it if the bank b'e th4» 
boundary. 


Arlifiruil Bemdarm. 

Artificial boundary lines consist of:— 

Roads, or lines of boundary marks. 

The line of a road may have to be changed, especially at 
certain points to reduce too steep a gradient, and this may be • 
an objection in some cases to a road as a permanent boundary, 
but a well aligned road forms an excellent and economical 
forest boundary, and facilitates the export of produce from 
the forests on either side of it. 

Lines of boundary marks may be demarcated by mounds of 
earth or stones; by wooden or iron posts, masonry pillars, or 
cut stone blocks. All boundary 
marks should be numbered con¬ 
secutively, and the numbers on 
them painted black or white accord¬ 
ing to the colour of the marks. 
The marks for each separate forest 
property are usually numbered frqjn 
north to west and by south to east, 
and on property boundary marks 
the initial letter of the owner’s 
name may bo added. Every enclo¬ 
sure in a forest belonging to another 
owner than that of the forest should 
be surrounded by similarly num¬ 
bered boundary marks. 

In case of any addition to a 
forest involving fresh boundary 
marks being interposed between two formerly existing marka^ 
letters A, B, etc., may be added to the earlier number to denote 
jtbSr position. I 

« Pig. 6 shows the usual mode of representing a line of; 
|oundary marks, on a map. 

f The nature of the boundary will differ accordiri^tlEjihe ilAj 
Imnins estate is woodland, or cleared for aericulture. 





!Fig. 6.—Artificinl boundwy line. 
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[offi'er ease’, a strip of a certain breaM inside the boundary 
Bay have to be kept clear of forest growth. The choice of 
Ihe kind of boundary mark depends on circumstances, but 
stone or masonry pillars are generally to ffe preferred. In 
caseshwliere a rapid demarcation is necessary, and cut stones 
or even bricks are not easily procurable, as in certain districts 
in India, conical mounds of earth or of stones, with posts 
in the centre, are souiotiiues used, at any 
rate until more permanent marks can be 
supplied. 

In constructing sucb mounds, the post,made 
of heartwood only and of the most durable 
timber .available, is first planted in the soil, 
the poi;tion in the ground having been charred. 



or the whole post ei'eosoted or tarred so as to 
ensure greater durability, hound the post 
two circles are then traced in the ground, and 
earth to he 
heaped up must 
be dug from 
beyond the outer 
circle and placed 
within tlie inner 
one. Otherwise 
the heap would 
soon settle down 
\ ' into the trench. 

The mounds may 
be made of stones 

The slope of the mounds will correspond with 
fce natural angle of repose for the class of material employed, 
and their height should he about four feet. Earthen mounds 
should be carefully protected by placing sods on their surface, 
Wooden posts without mounds may also be uSC(l as boundajy 
marks, but they are then more liable to be thrown down by 
or wild animals, or to be removed. In either case 
^ posts Should bear current numbers, a very durable form 
■ g.a i^t-iron plate, in which the number is embossed 
) may be painted pn the posts. 




Boundiiry »toue. 


if available. 





' fieBB feives a ‘nseful^d of iron boundary mark as shown 
in Fig. 7'. The lower and upper plates can be removed to 
facilitate transport. Stones are heaped on the lower plate 
after it has bdin put into the ground to the required 
depth. • 

The best of nil boundary marks are generally hewn stones 
(Fig. 8), or masonry pillars. The former may be prismatic, 
triangular, or rectangular in section, with a rounded top on 
which lines are cut showiijg the directions ot the two adjacent 
pillars. Serial numlwrs should be cut on one of the faces of 
pillar. The lower portion to be placed in the ground should 
be left rough and be of larger bulk than the cut portion, so as 
to ensure stability. 

Care should bo taken to select durable material such as 
granite, basalt or quartzite for these stones. 

Where hewn stones are not available, pillars of brick and 
mortar or rubble masonry may be erected, a sufficient founda¬ 
tion being of conrse provided. The current number is carved 
on a small flat piece of stone or slate inserted in the sloping 
top of the pillar. This is greatly preferable to inserting the 
number on a prismatic piece of stone let into the apex of the 
pillar, as is sometimes done. Such pieces are easily loosened 
by boys engaged in tending cattle or sheep near the forest 
boundary. These pillars should be formed of cubes with 
a side of 2| to 3 feet, surmounted by a pyramid 6 to 9 inches 
high. 

It is customary in India to bury a quantity of charcoal under 
boundary pillars, so as to assist detection of any fraudulent 
change in their position. 

S In all lines of boundary marks, one mark should be placed at 
each angle, and whenever two angular points of the boundary 
are too distant to be seen from one another, a sufficient number 
|of intermediate pillars should be erected. The intermediate 
^ irillars need no| be so substantial as the comer pillars, 
f f If the boundary is merely a line, the pillars are placed along 
Jits centre, but it pillars are placed along a road, the middle M 
.’which forms the boundary, they should be alternately on eithm; 
Saide of it. 

' After boundary lines have been laid out, their exact poa^ 
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clearly defined by rows of trees, hedges, fences,: 
■ walls, forest rides, or ditches. 

* Bowt of trees are injurious to neighbouring fields by their 
shade and the spread of their roots, //cdycs are diflieult to 
’ keep iji order, and rarely answer their purpose in keeping out 
cattle along a lengthy forest boundary. Feiiees are expensive, 
but their use is sometimes unavoidable where browsing by 
game or grazing is to be feared. Details regarding fences are 
given in Schlich’s Sylviculture, Vol. II., lird edition, page 122, 
Walls may be erected when stones can be collected on the 
spot, or where, on account of the sloping nature of the ground. 



Pig. 9 . Fip. 10,—Boundary-ditches. Fig. 11. Fig. 12. 


ditches are not practicable. Such walls should be 1 yard broad 
at the base and from a height of 18 inches should gradually 
taper off to the top. The stones should be placed with the 
thick end outside. 

. Forest lomdary rides as well as boundary marks are neces¬ 
sary where two forests adjoin. Unless the ride is also to be 
used as a road, a breadth of 4 to 8 feet will suffice, 16 feet being 
the least admissible breadth for a road, so that two carts may 
pass one another. Along boundary rides it may be advisable to 
;^ig out all stamps in order to prevent the growth of coppice- 
iilhoots, and the ground may be roughly levelled and drained, 
;^d even narrow bridges erected, so as to convert the ride into 
$ bridle-path to facilitate inspection, 
g SpiinioasKiiff/iM (Figs. 9 to 12) give a clearly cut line and 
j^vAt encroachment by ploughing or grazing when the forest 




ilt:. 

: twiundary runs along a field or meadow." SuerdiSffl S 
usually be dug except on very stony or steep ground; they run 
either along the entire boundary line from point to point, oi 



Fig. 13,—Ditehiug- 
S|)U(ItlH. 


are intermittent. In either case they should stop a few feet 
from the boundary marks. 

The earth dug out of the. ditches should be placed on the 
forest side of the ditch and a few feet from it (Fig. 9), or in 



Figs. 16 and 16.—Boundary*<liU‘h serving as a drain. 

the case of intermittent ditches it may be placed between them 
*s shown in Fig. 12. 

Intermittent ditches (Figs. 11 and 12) are usual on slopingi 
ground to prevent the formation of ravines. 'i 

The section of the ditches depends on the tMm of fhe b<^ 
but is generally 2—2| feet wide at the top and 8^10 
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'it bottom and the same depth. The boundary line may 
be the centre of the ditch, or one of its sides; in the latter 
hase the ditch belonRS to the proprietor on whose land the 
earth from it is thrown, which is generally towards the forest. 
Special kinds of spades are used for ditching, as shown in 
Fig. 18. 

A wooden model of the ditch-profile is also useful (Fig. 14), 
and is termed tempkUc or immU-jhime. 

In case the ditches are also used as draims, care must be 
taken not to allow the boundary marks to be iinderinined. 
Thus the arrangement shown in Fig. 1.5 should be followed to 
protect the boundary marks from erosion, and not that shown 
in Fig. 16. 

4. Stirrnj of ISoniuhirice. . 

The besisurvey is that carried out by the theodolite and a 
chain, or measuring staff, but for preliminary work a less 
accurate instrument, such us the plane-table or prismatic 
comjiasB, will suffice. From the survey a boundary nfap 
should be drawn up, the usual scale ol such maps being 40 
or 50 inches to the mile in (iennany. No larger scale than 
25 inches to the mile is usual for British woodlands. 

These maps should show:— 

'All boundary marks with their numbers. 

The course of the boundary lines. 

The names of adjoining properties, and the nature" of 
their cultivation, or otherwise. 

6. Description oj Boundariet, 

lis should be prepared in a tubular form, and should show: 

Name of forest and of proprietor. 

Names of adjoining estates and of their proprietors. 

Current number and nature of boundary marks. 

Angle at each corner in degrees, minutes and seconds. 

Distance from one mark to the next, both horizontally and 
along the surface of the ground. 

Direction of boundary line from mark to mark, with 
refoitmc^either to that of the magnetic needle or true 
aorfh. 



Oth^ remarks worth reootdmg should *06 aoaea, susa 
crossing-points of streams, roads and rights-of-way, * 
reference to any permanent objects near the line, suelfj; 
as trigonometrical pillars, etc. 

6. Lejialimtion of Boundaries. 

It is desirable to cause the boundary map and description' 
to 1)6 recognised by the proper State authority, according to' 
the law in force. The original documents should be deposited 
in the Stale Kegistry Office and certificated copies given to the 
owners of the two adjoining estates. 


7. Upkeep of Bmndariei. 

Forest boundary lines and marks are liable to various injuries 
by men and animals, and by the weather. When once laid 
d^wn they must be maintained in good order; the following 
measures being specially necessary 

(а) Periodic clearing of the boundary line, so that one mark 
may be visible from the next. In case the boundary line be a 
road, bridle-path or ditch, repahs to these become necessary 
from time to time. Any vegetation that is removed should be 
shared between the adjacent owners. 

(б) Periodic irf^ection of the lines by the forest officials,’ 
to whose charge definite lengths of boundary should be allotted, 
accordmg to their rank, and each official should from time,to’ 
^tirne submit reports to bis superiors on the condition of the 
boundaries. 

(c) Wherever woodlands border on agricultural land, the' 
trees must not overshade the latter with their foliage, nm: 
their roots grow into the fields. Drip from the branohMj 
should not go bdyond the actual boundary line, and a spj^ 
should be kept free from woody growth, the actual breadth"^ 
•which varies according to local law. As a rule, the nei 
can lop an overhanging tree only if the owner of the i 
has neglected to do so; the loppings belong to the 
Intrusive roots may usually be cut by the ntdghbpnr, 

,books should be consulted on this question. 
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Sp; Immediate repair of all defects in the marks, repainting 
Sing numbers, etc.*,- before any point becomes doubtful.. 
TOrks which may have been removed can bo replaced only 

• with the consent of both owners or by order of a Court of Law. 
Any uncertainty about the position of forest boundary marks,- 
■that are also boundary inarks of adjoining States, gives rise to 
,muoh difficulty. 

(e) Immediate report of all tamiiering with established ■ 
boundaries and prosecution of the offenders. 

8 . Cost. 

The cost of erecting and maintaining forest boundaries 
should be divided between the adjacent owners, unless there is 
any legal provision to the contrary. 

These costs vary so much according to circumstances, that 
it is difficult to lay down any general ostimatoa; the following 
figures may be considered approximate. One man can erect 
in one day an earth boundary mound 4 to feet in diameter 
and 8 to 4 feet high, and can sod about 8 to C such mounds, 
and repair from 0 to !) of them. 

Hewn limestone boundary stones cost 2 to 3 shillings 
^each, and 20 such stones can be carted by two horses. Iron 
: j)onndary posts cost from 1«. Od. to 2 j(. fid. e|cb. 

• In loam, a man can dig in one day 80 to 40 yards of boundary 
-trench, 10 inches wide at the base, and of the same depth. In 
(■Jight soils, the labour is from 10 to 15 per cent, heavier. 

' Boundary works are generally done by contract, and on the 
y-DOntinent of Europe repairs to forest ditches are frequently 
fiskpeuted by petty offenders in lieu of tines. 

9. Improvement of Boundaries. 

PPvantage should be taken of every opportunity to consoli- 
SIIb forest property and thereby to improve its boundaries, 
can be done by purchase, disposal or exchange of land, 
toent off inconvenient corners or narrow strips, to alienate 
pi<i!fis,%r to acquire enclosures belonging to other 
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Some of the advantages of consolidation are: ,, , 

(a) Greater facility for keeping the bonpdary line in order, 
ind at a reduced cost. 

(h) Saving in protection expenses, in wrk of staff, and less 
iahility tft cases of misappropriation and damage by outsiders, 
specially in the case of danger from fire. 

(c) Increase in the productiveness of the forest. Fewer 
oads are required; damage is reduced, whether it is caused 
0 the forest by frost, storms, etc., or to adjoining farm-land, 
\y overhanging trees or by game sheltering in the forest. 
Small private estates enclosed in a forest frequently encourage 
loaching, or unfair destruction of game. • 



Fig. 17.—Head cf Stoke I’ark Red Peer from Mr. Rowland Ward’s “Records of 
nig Oumc.” 7 . 
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CHAVTEH II. 

PEOTECTION OP THE FOREST AGAINST IRREGU¬ 
LARITIES IN THE i/tILISATION OF FOREST 

PRODUCE. 

SbCTION L—PllIN'BlI'AI. PuODUCH. 

1. Oi’iiml AfCdKiit Ilf Ihmmjc ilniie. , 

Tub standiii'ii-Broii or soil of a forest may be andanseved 
during fellings and in the eonversion and Iransiiort of timber 
in the following ways: -By nvevtelling, bad felling, careless 
.conversion or bad 'stacdiing of timber and firewood, and 
'%rele8s transport. 

The methods for fixing the annual yield of a forest are 
explained under Phrrxt ,1/mm;/rmrW, and how timber should 
be felled and converted, under P'orrst. f '/i/iMtnm ; here, only 

the preventive raeasnres necessary to (diviato irregularities 
will be considered. 

Irregularities of wood-cutters, cartmen, etc., may bo dealt 
with, either by regulations made by the forest owner, or by 
the forest laws of the country. 

In a general way, it should be noted that some damage 
must be done during fellings, conversion and transport, and it 
is only by exiiericnce that a forester learns how much damage 
is unavoidable. Too stringent conditions should not be 
enforced on woodcutters or timber purchasers. 

2. OverfelVmg. 

AH forest operations must be carefully watched, and their 
'ieeults recorded, so that only the fixed yield prescrilted by the 
^^rWng-pkil is cut annually. At the same time, at least in 
Jirivate forests, it may be advisable to cut more than the fix^ 
=|leld in sisSons when the price of timber is exceptionally high, 
reduce the fellings when it is low. 



ifSjSw'to keep within the iimits of' the feea'aBnnfti''j^^ 
'^ees to be felled should be properly marked im accordah^.i 
jiwith administrative rules, and after the fellings, the stumps 
■Celled trees should be examined and counted in order to deted' 
possible irregularities. In some cases, as in Coppice-with-: 
Standards, the trees to be reserved are marked instead of 
those to be felled. The practice in France of marking such 
trees by cutting off a portion of the bark and stamping on. 
them with a steel hammer may give rise to attacks of fungi 
and detects in the wood at the base of the tree. 

In the case of large felling-areas, it may be necessary to 
employ an |xtra forest guard, in addition to the guard of the 
beat, to supervise the woodmen, and when trees are sold 
standing, the purchaser may he allowed to appoint a special 
guard with temporary police powers and a badge of office. 
This necessity for special supervision applies to all the suc¬ 
ceeding sections, referring both to the removal of principa^ 
and minor produce. 

3. Bad Felling. 


Measures for-the prevention of mischief are 
(a) Employment of competent and trustworthy woodcutters, 
and careful instruction in, and supervision of, their work. It 
is generally advisable to employ the same men year after year, 
and withdraw from the gang all those who fell badly, stlso to 
encourage the best men by instruction and higher wages. 
The best available implements should be used. 

(!)) Only such trees should be felled, as are so designated 
by the manager of the forest. Should any other tree be 
•accidentally thrown, owing to a falling tree coming against it, 
•4 neighbouring tree of similar dimensions and species should 


:be left to replace it. 

Trees'should be uprooted, whenever this is poS8ibm> 
la^d felling so conducted as to. facilitate the transport of th@ 
jtimber. 

p, (d) Cessation of the work during unfavourable seasons mf 
Ireather; for instance, when the trees are in sap. e^tept wh^ 
fck is being harvested; during absence of snow" oh i 


fej^eak the fall of the trees and spare natural r^e^!^ 
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f^g gealbns of hard frost, when the steins may he broken, 
dr daring strong winds, when liie direction of the fall of the 
trees is uncertain. In northern India, fellings, are freiinently 
stopped during the hot dry months of May and finne, from 
fear of forest fires which may bo caused by the woi'kinen. 

(e) Avoidance of damage to seedbearing trees in regenera¬ 
tion fellings, and to standardji. 

{f) Throwing trees on to bare spots and not amongst young 

growth. 

(O) Removal of branches and crowns of trees boforc felling, 
to prevent the trees from crushing valuable undergiowth. 

(/() Preservation of young growth during the removal of 
stumps, and putting earth into holes thus caused to prevent 
their being filled with water. 

(i) Careful felling of coppice, with sharp instruments and 
with a clean and sloping cut. 

(;) Leaving stools on steep slopes whore erosion is to be 
feared, and also on shifting sands. 

(i) Avoidance of throwing felled trees on to rocks, stones or 
other stems; felling uphill or sideways so that there may be 
a minimum of breakage. 

(f) Tropical woody climbers should ho cut two years before 
a felling is to take place; as otherwise they liind trees 
together, and the fall of any tree may involve that of a group 
of surrounding ones. Tlie softw'oodod climbers lot in about 
two years’ time. 

• (fli) Trees are sometimes, as in tlie case of teak in Burma, 
girdled two or three years before being felled, so that the wood 
may dry and lose weight, and become floatable. Care must 
be taken that this is not done to trees liable after girdling to 
be bored by insects. 

f 

4. Carelm Conrersion. 
p-Here may be mentioned 

•5 (a) Quick conversion and removal of felled trees, especially 
^ the case of natural regeneration and of coppice; protection 
Sit young groMh in both oases. 

fcifb) Usif df the saw instead Of the axe in order to prevent waste, 
removal of bark to prevent insect-attacks. 
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(d) ^l^paira of any damage done to young plants, whicii, If - 
>i broadleaved siiecies, may, when injured, be cut back dose 
K) the ground so as to get a strong regrowth. Otherwise, 
•eplanting must be effected with strong transplants after the 
telling-area has been cleared. 

• 6 . Bad Stackini) of Timher and Piretvood. 

Employ specially trained men for stacking firewood, as 
)rdinat 7 woodcutters generally stack loosely. 

Stacking should be done on blanks, or along the edges of 
telling-areas, on roadsides, etc. The stacks should not lean 
igainst trees. 

Withes for binding faggots should be cut from suppressed 
stems, or taken from cleanings or special plantations. 

6 . Cairlm Transport of Timher and Fireirood. 

Attend to the timely construction and rejiairs of the neces¬ 
sary roads, slides, etc., which ■should be ready when the 
fellings commence. This is specially requisite in mountain 
forests. 

Eemove material from the felling-area at favourable seasons, 
when snow is on the ground; not In hard frosts, nor when the 
trees are in sap and the bark of standing trees is easily abraded 
by the wheels of the carts, etc. 

Avoid damaging methods, such as rolling, etc., among young . 
growth. Use the best methods of transport: slides, tramways, 
etc. Make good roads. 

Fix a period during which the material must be removed, 
say from November-of one year to the end of winter in the 
next, so that the ground may be cleared in time for the spring- 
growth of the second year. At the end of this period, al} 
injured broadleaved plants should be cut back, blanks planted 
and all ruts on temporary cart-tracks filled in. > ; 

;i Certain rules should be made for the protection of roads and 
^tfaer means of transport. For instance, new roads should 
pot be used until the earth has settled, and Jh^ hteve, i! 
||)oraible, been macadamised. Eotices closing rrfitds ondtel 
^s^otion or repair should be posted up, and bars . 
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across such roads. Dragging along ordinary roads should bo 
disallowed. 

All transport should be ckefully supervised, if necessary, by 
extra forest guards. 

Section II.—laRKom.xniTiES in vtiusino Minor Forest 
Prodiice. ‘ 

1. General Airoujif of Damwje ilonr. 

Whenever the minor produce is less important than the 
principal produce of a forest, it should ho harvested in such a 
way as not to endanger or diminish the supply of the hitter. 
The following are the chief items of minor forest pj'oduce;— 
Bark, tiirjjeiitiiie, imiii ninl i/iiiiin, /(vircs, fniiln iff/mrst frees, 
dead hmiich-irnid, <ir<i»s and lieilia/ir, lil/er, ulone-i, ijrnrrk, mid 
and earth, peat, forest t idtiration of reroah, herries, edilde fmuii, 
game, fish, irild honeij and ira.r, elr,, elr. 

2. Bark. 

Bark is chiefly used for tanning, or for dyes, hut the hark 
of certain species, such as the paper-iuulhcrry {Branasonelk 
papt/rifera), may ho made into piiper-jiulp, or, as in the case 
of Be.tida Bhojpaira in India, into hats and umbrellas. The 
inner bark of the lime and of many tropical trees is used for 
rope-making or mats. 

In the case of oak-bark used for tanning, the following rules 
should bo observed■ 

(a) Secure a clean and slanting cut of the stems in order to 
protect the stools against moisture, and produce good coppice 
shoots. 

(b) Prevent any tearing of bark from the stool, by making a 
clean cut round the shoot near the ground before the bark is 
peeled from standing [loles. 

(c) Avoid beating the bark in peeling, as this causes loss of 
^nin. 

(d) Edhiojj peeled stems expeditiously, so that th^ new, 

^shoots may harden before early frosts occur. ; 

giij!). .pKefully stock and quickly dry the bark, so as to avoi|. 



I^SB oi tannin by rain, an& ensure rapi^ telearanfee'bf ttt# 
Ming-area. 

f Wherever bark is used ior any ofr the other purposes above 
referred to, similar rules, modified for the species in question, 
Aould be observed. 

S'. Tvrpmthu, Resin and Gums*' 

' The present chief sources of the supply of turpentine aim 
resin are the pitch pine {P.palustris, Mill.) and other pine-trees 
in the Southern States of North America, and the cluster pine 
{Pimis Pinaster, Aitm.) forests in the west of J’rance. Tappings 
for turpentine and resin on a moderate scale have, however, been 
started in the forests of the long-needled pino of the Himalayas 
{P. Impfolia, Eoxb.). Some turpentine is still obtained from 
the spruce in Germany and the north of Euroiie, hut as this tree 
only yields it in small ([uantities and the process of tapping it 
is extremely injurious to spruce timber, its tapping should be 
absolutely prohibited. 

The following remarks, therefore, apply only to species of 
pine which yield turpentine abundantly, and to the extraction 
!pf gums and caoutchouc from several species of trees in hot 
Countries. . 

' (a) Lessees of turpentine or gum should be held pecuniarily 
;respon8ible for all damage done in forests by their workmen. 

(b) Tapping should generally be confined either to trees 
dike theP’kus elastiea, Blume.,that are hardly of any value except 
lor the gum they yield, or to trees too remote from ,pieans 
transport for their timber to be of any marketable value 
•Hii compared with the value of the turpentine or gum which 
^y be extracted from them. In other case^ it should be 
lonfined to trees which will be felled for timber within a 
^OOTod of from ten to twenty years, as when young trees are 
lipped no considerable increment of growth may be expected. 
tac the same reason the best shaped and most promising trees 
lipuld not be tapped. J 

seeding-fellings, a certain number of the seed-beareri' 
B&d remain untapped, as tapping is prejudicW toioth fJ«- 
and quality of the^seed. In the cluster pindforeate’’ 
9 ibe' Landes, in France, reireneralion is effected bv seiB^ 
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1 woods adjoining the felling-area on whidi all, 
trees are tapped. 

(c) Buies regarding the size and number of cuts and the 
depth of cut to be made in each tree will vary with the species, 
and are given in detail in Vol. V. on Forest Utilisation. In 
tapping pines for resin, there should not lie more than two 
points of attack, unless it is intended to kill the tree, when 
as many as six may be opened. There should he from 8 to 12 
inches between each cut, and the cuts should not be more than 
2 inches broad and in one year only about ii feel long. 

■ {d) Tapping must be intermittent, so as to allow recovery 
of the trees before a fresh tapping is allowed, unless it is 
intended to tap the tree to death before felling it. The 
interval between successive tappings will of course vary with 
the species in question. In Europe, alt tapping should cease 
with the first early frost in August or September, and not be 
resumed till the spring. 

{«) Tapping should rarely bo attempted on poor soils. 


4. I,earn and Braiicheii of Forest Trees. 

Leaves of furest trees are used tor fodder, mnitre, thatching, 
tanning, dyes, etc. Leaf-fodder, is extensively used for cattle; 
in countries where sufficient grass is not available, as in the 
centre and south of France, where hedge-row oaks are 
annually pollarded for this purpose. A similar practice pre¬ 
vails in the Himalayan districts of India during winter, 
evergreen oaks, elms and species of Celtis, Primus, etc., being 
thus utilised. During the season of rest, leaves of evergreen 
trees are rich in reserve nutrient material, and afford valuable 
fodder. In seasons of drought in Central and Western 
Europe, as in 1893, leaf-fodder from hornbeam and other 
deciduous trees is also extensively used instead of grass. 
i- In the north of India, camels, buffaloes and elephants are 
ihiefiy fed on branches and leaves of trees during the cold 
snd dry seasons. Oaks and other forest trees were formerly: 
iBttensiveiy pollarded in European deer-forests to afford foddef; 
|or the deer,^hich ate the bark of these branches when the 
jj^pond was covered with snow. 
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Wherever the use of leaf-f odder prevails, the important points 
We: to allow trees to be lopped only after the principal 
growth of the year is over; to restrict lopping, as much as 
possible,, to inferior species of little or no value as timber 
trees, and to prevent the lopping of trees until they have 
attained a certain size. Wherever the restriction is practi¬ 
cable, only side-shoots should be lopped and the leaders 
spared, and the trees lopped only every third year. In 
timber forests, lopping sliould, if possible, be restricted tc 
compartments which will shortly be cut over. 

Where the demands for leaf-fodder are large and caiinol 
otherwise he met, a regular system of pollarding should be 
introduced, with a tixed rotation, the length of which will be 
decided by local exjrerionce. 

In India azid other hot countries, the foliage of woody 
climbers may be used for leaf-fodder to the actual benefil 
of the forests. In certain parts of India, green branches and 
leaves of trees are used to manure the rice-fields, under tht 
term of rah; this subject will be referred to again under lh( 
heading Forest Servitudes. In hot countries, leaves of various 
forest species are used for tamiiiig, dyes, drugs, hat- and 
umbrella-making, plates, and for feeding silkworms. Th( 
last is a very importani and valuable industry, and the tree: 
utilised are generally of much less value for timber than foi 
their leaves, and therefore rules should be made which wil 
afford the greatest possible quantity of leaves at the tim( 

• required, and in a way most easily accessible to the sill 
producers. Thus pure coppice is adopted with very shor 
rotations, even of one year in the case of the mulberry ii 
Bengal. As regards the other demands for leaves, fores' 

• officers would do well not to be pedantic in stopping industriei 
dependent on their forests, which can be supplied wiihou 
serious injury to the trees by the exercise of a little ingenuit; 
and suitable control. 

5. Fruits of Forest Trees. 

« 

Fruits of forest trees are collected for sowing, for,the fow 
id men or animats; for extracting oil, dyes, tannin, etc.; o 
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ttey iiiay be eaten on the ground in the forest by swine 
(pannage), or by deer. The rules fur the proteulioii of the 
forest are as follows 

A. Collection by Hand. 

Where regeneration by seed is expected, or where swine or 
deer are to be fed in a forest, fruits should not be collected 
for other purposes. Acorns when eaten in large quantities 
are poisonous to young cattle, lie.asls over throe years old are 
seldom thus affected. Hence, the ccdlection of acorns in 
forests open to pasture is most beneficial, and, tluiy may be 
used advantageously for feeding domestic pigs. 

. Forest guards must watch most assiduously during the 
fruit-collecting season. 

All injuries to the trees during the collection of the seei 
must be strictly forbidden. These are: beating trees with 
axes; dragging down fruit-laden branches; use of climbing- 
irons, etc. The bad effects of the latter .on the quality of the 
wood may be seen from Fig. IB, each wound made by the iron 
introducing decay into the timber. Kmootb-barked sjiecies 
such as beech and Weymouth pine suffer most in this way; 
so does the sweet chestnut. 

The work must be Btoi)i)ed during frost, when the branches 
are easily broken. 

B. Pannage. 

Pannage, or the feeding of swine on the mast of a forest, 
consisting of fallen acorns, beech-nuts, chestnuts, etc., was 
formerly a very important industry, but is now becoming less 
frequent in the forests of Europe. It still prevails in the New 
Forest, where about 5,000 pigs are turned into the woods in 
good mast-years, from the 14th Sept, to the Bth Nov. 

Swine damage forests in the following ways 

(a) Eating-up mast in seeding-fellings. 

(5) Uprooting young plants, breaking off weak steids, 
abrading the bark off poles, and exposing- and gnawing roots 
of valuably forest species. All these injuries are chiefly felt 
in natural rdBbneration-fellings, and in thinnings in young 
foods, on loose sandy or shallow soils, on steep slopes, etc. 





:>,.''.Wine,are useful to forests in the preparation of thj 
for seed, by removing the covering- of dead leaves am 
j^sing the mineral soil, and by burying acorns and 
^fruits; Uso by trampling dead leaves into the soil, whi 
of importance in places exposed to winds, and by destrc 
mice and certain insects hibernating or moving in 
soil-covering. 



Fig. 18.—Section of a Scots pine injured by climbing-irons. 

(c) Points of injury. 

(6) Concave imnual rin^ of wood occluding wounds. 

(c) Brown-coloured wood below the wounds, bliowitig consequent decay 

The protective rules for pannage are 
(ii) Exclusion from the following places: Seeding-fell 
except when seed is very abundant; dry loose soils in 
(Sase of swine driven in to feed exclusively on fungi, wc 
insects, etc.; places where the mast is reserved for dei 
yrild pigs. 

*(6) Compartments opened for pannage should as near 
possible adjoin one another, so that the swine may 
wander uselessly through the forest. They should m 
allowed to remain long in compartments wiiboat- mas 
.|hey then proceed to bark the trees. 
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ie) The place where the swine pass the niglit should !» 
Ij carefully selected. In such places scarcely a root escapes 
injury. 

;■ (d) The number of swine to be allowed in a forest must 

P depend on the quantity of mast available. Each full-grown 
animal requires from two-aiid-a-half to soven-and-a-lialf 
^ acres of forest. 

(e) Limitation of pannage to the period of the year from 
the middle of October till the end of January. It should not 
commence till sufficient mast has fallon, ns otherwise the 
swine become thin from much wnndoring about, are not 
easily kept together, ami do much mi.schief. On the other 
hand, it must cease when the mast is no longer sufficiently 
plentiful, and it is in the sjiring tlml tho greatest damage is 
done by peeling tho bark and roots. During the ((fkrmmt, 
after Christmas, the acorns become more digestible, and are 
specially suitable for breeding-animals. 

(/) The admission of swine into a forest should be granted 
only on condition that they are iiorfectly healthy, and guarded 
by trustworthy swineherds: two hundred swine for each man, 
and an assistant for every hundred additirmal swine. 

(p) The owners of the swine should be made collectively 
responsible lor all damage which may bo done to the forest. 
In Epping Forest all swine admitted to pannage are ringed. 


6. (Iruss iiml /Irrbaqc. 

Grass and herbage, dry ferns, heather, etc., may either li6 
cut and removed from the forest and used tor fodder or litter 
for cattle, or, with the exception of the ferns, may bo utilised 
pn the spot as pasture by grazing animals. 


A. Orass-outtlng. 

^^h»88 and herbage may be cut for fodder, or to form 
jfiatebing m^tetiil, paper-pulp, etc. Dead ferns, especially 
Iteaekent Are largely used lor litter, and heather lor litter or 
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■ The protective rales ftre:— 

' (1) Limitation to persons who have obtained a formal 
permit from the forest manager, and, as a general rale, on 
certain fixed days, when the forest gnards can snpervise the 
cutting. 

When a nnmher of people are together cutting herbage in 
the forest, they should be held collectively responsible for any 
damage which may he done. 

(2) Restriction of cutting to places with a moist fertile soil, 
which can bear the removal of the mineral constituents of 
the grass, etc. In such places, planting in lines between 
which grass can easily be cut is more suitable than natural 
regeneration. In some cases, heatlier and broom protect 
young plants from frost and insolation and should be left 
intact. High grass, on the contrary, as will be seen further 
on, greatly increases radiation, the intensity of frost and the 
drying-np of the soil by the sun, so that it is tre(juently more 
advantageous to have it removed. Its removal also furnishes 
additional security against forest fires. 

(8) Tile use of scythes shonld not be permitted amongst 
young growth, where grass should be cut with sickles of 
pulled iij) by hand. In India, a fiat cutting-instrument called 
a khuqia is frequently used by grass-cutters to scrape out the 
rhizomes of tho grass, which are highly nutritious; this 
practice should not he allowed in forests. Scythes may be 
used in older plantations, hut on the condition of leaviiig a 
narrow zone of grass round each plant. On rides, extensive 
blanks, road-sides, etc., there need he no restriction as regards 
the instruments used for grass-cutting. 

(4) In hot countries, grass which springs up after forests 
lave been burned furnishes better thatch or paper-material 
than when cut from unhurued forest containing much dead 
«nd decayed grass, dead leaves, etc. Hence, in foreste undei 
.iSre protection, grass can be used with advantage oidl 
^om off roads, fire-traces or blanks which are cut 
^ear. . ■ '-M 

(6) Grass-cutting must be carefully supe/yisdd by fpr^ 
[■.iguards, and offenders against the rules repo)^ ail| 
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B. Forest Pasture.* 


(1) (knaral Accmmt. 


Forest pasture, except in mountainoiis districts, wlievo (he 


area of cultivable land is very limited, is no Ioniser so impor¬ 
tant as was formerly llie case; cultivators object to their cattle 
becoming thin and wijy in roaniiiig about the fon'sts, to their 
■ cows yielding le.ss milk timu when kept at Ijomc, to the loss of 
valuable manure, and to the increased danger from disoaso. 

In backward countries, however, forest pasture is still pre¬ 
valent, and it is therefore necessary to draw up rules for its 
exercise with the least imssiblo amount of injury to forests, 
as. when unrestricted, it is incompatible with the existence of 
forests. To a certain exhuil, however, .some good may be 
done to forests by cattle, by kee[iing down a I'ank growth of 
grass ami bcrbagig which interferes with I’l^pi'odm'tion, and 
by breaking tlirougb and scattering the den.se layer of neoillcs 
in coniferous forests, and thus exjiosing the mineral .soil for. the 
rooting of Hcedlinga. lirowsing on advance-gi'owtii of sidisidiary 
siMJcies or softwoods, which it is desirable to koe]i in check in 


favour of more valuable spocies, may also he sometimes 
useful, t 

The damage done to forests by the grazing and browsing of 
domestic animals extends to the soil, es|iucially on slopes, and 
standing-crop; to the roads and other means of communication, 
and tlie boundaries, ditches, fences, etc. 

The soil of a forest suffers chemically, heeoraing imiioverished''; 
.in potash, phosphonis, and nitrogen by the removal of the 
grass; and physically, becoming hardened owing to the 
'tread of the grazing animals, and the consequent insuflicient 
^aeration of the humus in process of formation. The dung 
ileft by the animals on the ground is a quite inadequate com-, 
ij^nsation for the reduction in fertility of the soil consequent 
^n their admission to the forest. The woods are injured 9l 

.1.0., “Die WalUweiiie u. Wiililetreu.'* Tubiijgeii, ISiH). 

" Forest DtUiKititrn,” 137, Ferminiley, Riates tbat. goats aie nwful to 
pfWWtatiou iif majure Aenda nrahim [hahd) bavsts. Wbeii tbe imkJh arc 
ta^eeda ewlulowed by,.tbe goats and excreted genntnate witboat delay,'.;; 



ifWWcrFioii' AOAmsT, |||^ 

__ ____ ^ 

Ilie following ways: by the animals browsing on Jonng piants 
;biting-off buds, leaves, and shoots; breaMng-off coppice-shoots 
and gnawing the bark of trees; trampling on, bending down 
and breaking young growth; ^exposing and destroying roots, 
etc. Tlie damage done by biting the plants is twofold; they 
lose organs that arc necessary for their nourishment, while the 
normal development of their stems and branches is prevented. 
Both forms of injury occur chiefly in their youth, unti 
their lending shoots have grown beyond the reach of the 
animals. 

Ronds, ditches, slopes, hedges, and fences, are especially 
liable to injury by grazing animals. 

The extent of the damage done by grazing depends on e 
number of factors. Among the chief of these areSpecie 
of tree, age of tree; system of management, nature of locality 
density of crop, species of grazing animal, number of animals 
season of the year, state of the weather. The amount c 
damage varies greatly^ according to circumstances. Hundes 
hagen* estimates the ordinary loss of increment duo to cattle 
grazing at one-tenth. In Carinthia it has been observed tha 
goats in 16- to Sfi-years-old spruce, Scotch pines and hornbeam 
• prevent almost any growth from taking place. 

(2) Accoriliiiff to Sperio of Tree. 

Broadleaved species are mors exposed than conifers, bi 
eeover more readily from browsing than the latter. Mo 
ixposed to damage are: ash, maples,hornbeam, beech. Ne. 
to them: lime, sallow, and. poplars. Less still; oaks, elm 
PyiHg sp. Least of all: birch, alder, horse-chestnut at 
;obinia. 

Of conifers, the silver-fir suffers most, then larch, tl 
different species of pine and the spruce. If the spru 
ippears to suffer more than pines, this is due to its abundan 
in mountain regions, where there is most forest pasture. 

The above scale is drawn up chiefly asjegards hom 
cattle, but if we consider tha preferences,, shotra by oth 

• “ Encyclopiidie Uer ForetwiffienschBlt.’* I. Forettiche 
AhA. Tabmcen, 1886, P..M1 ’ 
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girwirig animals, it should lie noted, that:—horses pretor oak- 
foliage and avoid that of the lime; sheep appear to prefer 
light-demanding species, even th% lurch and Boots pine; 
young lambs, the leaves of robitiia; goats are not jiarticiilar, 
and even browse on the poisonous yuw without injury, in 
India, however, they succumb to the foliage of llliodMendron 
campaHulatum. 

Another peculiarity of horned cattle is to prefer plants intro¬ 
duced into pare woods, such as ash or hornbeam in beech 
forests, or exotics planted among native woods. 

The vegetable monstrosities resulting from browsing are 
very striking to the eye; rounded bushes, whicli sometimos 
broaden out till some leading shoots in their centre escape and 
grow into trees, are freipient eyesores wherever forest pasture 
is practised. 

Shallow-rooted plants such as the spruce, in spring, suffer 
most from the tread of tlie animals. 

(3) Age. of Trees. 

Young plants suffer most. In older woods, without under¬ 
growth, the chief injury is done by the hardening of tho soil 
owing to the tread of the animals. The trees suffer from 
browsing until the foliage is beyond tho roach of tho animals, 
and the ago at which this liappons doponds on tho rate of 
growth, the conditions of the locality and tho kind of animal. 

(•1) Sgstem nf Mumigemenl. 

In the case of tho Sehrtiou sgstem, grazing is most dangerous;. 
then come in descending order of danger: (Inmp system,: 
Coppkg-tvith-Staudunh, Cnpjiice, Shelleriroad (Aimparlment.; 
and Clear-cutting systems. PMardiug is the most favourable, 
system to adopt on land open to grazing, as young pollard-;^ 
Shoots are out of the reach of the cattle; pollards 
; regenerated by planting taller transplants, or cuttings, than 
’ jn other systems, and the plants shonjd at first be securely ' 
;lenced againsf cattle, which might injure them by rubbing 
|»gain8| them, tir gnawing their barb. The uneven-aged 
||;i^|i^i)f High Forest, such as the Selection and titouj| 



^ImMuffer most of all, as in the former, young growth ia" 
Bpattoed all over the forest, and in the latter, it is scattered 
^ patches over very larg^reas. If grazing be allowed under 
the Selection system, regeneration can usually be effected only 
by fencing-in patches of ground where large trees have been 
ielled, and planting them with strong transplants, which will be 
out of the reach of the cattle by the time the fences are no 
longer effectual, 

Coppice-wilh-standards suffers more than pure coppice, on 
account of the necessity for preserving numerous seedling 
plants, both natural and transplanted, to replace the standards 
as they are felled. Coppice suffers more than even-aged High 
Foi'est, because stool-shoots branch out lower, and aie less 
firmly rooted than High Forest poles; in the even-aged 
systems of High Forest all pole-woods can be opened to 
cattle without much danger. In regular plantations, damage 
1 done by grazing is less than in irregular artificial, or natural 
'reproduction, and planting in lines somewhat far apart in one 
direction is most favourable, as the cattle can readily graze 
between the rows. It has also been observed in grazed forosti 
in hill-tracts, that mound-planting gives better results that 
pit-planting. 

,' Gayer holds an opinion differing from that of Hess regardiiij 
the comparative immunity of Selection Forest and even-agee 
HigU Forest from grazing. He maintains, that even-agei 
densely stocked woods are destitute of herbage, which is fona 
jhnly on the reproduction areas closed against cattle.^ It 
;inatter of everyday exiierience that no amount of care i 
Ciencing will always protect such areas. In a Selection Fores' 
i^ot only is far more fodder produced, but damage by cattle i 
^68s concentrated than in even-aged woods.* 

(6) Loi-ality. 

: *On moist and fertile soil, the damage done by grazing is 
piinimised, because a strong growth of herbage generally 
Springs up on such localities, and the cattle ha% less inclina¬ 
tion to attack woody growth; moreover the trees grow faste| 

liw, . • )'Bi*p.r)JJ,Vky,oIfti8mouo»l. 



19, 

... '.\~ 

Snd ire sooner out of their reach. Binding or heavy soil 
^Domes all tlie more compact by the tread o! the animals, 
and less susceptible to the entrance of air and water, and the 
roots lying immediately below tho soil-covering are exposed 
■to damage. Very loose soil becomi's still loo.ser from tho 
tread of cattle, as they destroy the herbage which binds the 
soil together. The greatest damage by grazing animabs is on 
shifting sands. 

On level ground, damage is leas than among hills, where it 
is increased if the soil be loose, or the slope-s steci); very wet 
slopes are also endangered by the sliding of the feet of the 
ieattlo. The steeper a slii[ie, up to a certain ])oint, the more 
erosion is caused; larger plants are also reached by cattle 
from above, on slopes, than on level gi'onnd, and tho damage 
hy browsing, bending and breaking is greater. 

Scantily wooded, dry, hot aspects are obviously nnsiiiled for 
grazing. 


(6) iMiisilii of Foiriifii (jivirlh. 

In dense woods, little or no grass is to bo fonn(J, so thal 
more damage is done to woody growth tlian in moro open 
forests, where herbage grows under tho trees. 

( 7 ) Sjircii'g of (lru:iiiij Aiiimid. 

Among European animals, goals show the greatest prefer 
'en(^ for woody plants, and their mode of feeding is moa 
i-injnrious. They even, devour woody plants when there ii 
( plenty of herbage available, and beat down saplings with thoi; 
; forelegs till they can reacli the leading shoots, on whicli thej 
ybrowse; they can thus reach plants feet in height. The; 
|also peel the bark from stems in spring. Their constan 
movement on the steepest slopes Is anotlier gi-eal source o 
pamage. To take some of many instances of the destructiji 
forests by goats;—In the Tyrol and Southern Switzerland 
&d in the Himalayas, fine forests have been completel, 
Mestroyed by and in Ajmere and Merwara, whole hill 
Wdes where vegetation once flourished have been laid almoi 



Wrancfl, since ii665, goats liave been excluded fro^ Slf ffiests 
|nenaged by the State' Forest Department, and no legal right 
Can be enforced to graze goats in private forests, as the 
grazing of these animals is considered incompatible with the 
maintenance of underwood. 

The sheqi is less injurious than the goat, holding its head 
low, and preferring grass, but sheep browse freely on woody 
plants, and injure forest soil and the roots of shallow-rooted 
species by their short tread and sharp feet. 

Horned rattle generally confine themselves to grass and 
herbage, and attack woody plants only in the absence or 
scarcity of the former. The buffalo in India is frequently fed 
during the cold season on loppings of evergreen or winter- 
green trees. Cattle do much injury to forest soil, slopes, roads, 
and ditches owing to their weight and size, and also break 
down seedlings and saplings; these injuries are aggravated in 
the case of the buffalo, which is a heavier animal than common 
cattle. Oxen are more destructive than cows, and young beasts 
are worse than older ones, as they gnaw woody growth, partly 
out of pure mischief and partly to develop the formation of 
their teetB, and are much more active. 

. Harm can reach higher, and are fonder of leaf-fodder than 
cattle, and do much damage to roots by their tread. Foals 
occasionally peel the bark from trees. I have seen a clump 
of old beech trees in 'Cambridgeshire killed by the trampling 
of horses, which sheltered there in the heat of the day. The 
trees had originally been fenced, but when the fence had been 
broken the trees were soon killed. * 

Cameh eat almost everything that grows within their reach, 
to a considerable height, and can feed readily on thorny species 
owing to their hard mouths. Much damage has been done to 
forest growth by camels in Northern and Central India and 
in Central Asia. 

' ElephanU are fed chiefly by loppings fron^ species of Fkut 
ifmd o.tber trees, as well as on grass and herbage, but the' 
number of tame elephants admitted to a forest is limited, and 
Mieir browsing can be easily controlled. Wild*elephants sre» 
very destructive in bamboo forests, and also Ifark trees with 
liieit tusks. 







'"'fiti’relative damage done to forests by Kuropeen grazing 
animals has been estimated as follows by Ilundosbagen:— 
Horse’s foal . . . 150 


Horse 

Young cattle 

Old cattle . 

Goat . 

Sheep 

This list is drawn up on the undei' 
are freely grazing in forests where the crowns of the trees 
have grofii beyond their reach. The fact that the goat is 
only estimated to do a (juarter the damage of the horse does 
not controvert the former statement o^ its heing relatively to 
its size the most harmful heast, for its weight is only alwut 
l-14th of that of the' horse. 


. 100 
. 75 

. 50 

. ■ 25 
15 

standing that the animals 


( 8 ) Niimhcr of Caltli: oilmitled to the luiresl. 

The number of cattle admitted to graze in a forest must be 
regulated by the species and amount of herbage available; it, 
should he so fixed that the latter is suflicient to nourish the , 
cattle, or else they arc certain to attack the trees. 

Ilundeshagen has calculated for the complete nourishraent 
of large milch cattle for the whole summer, night and day, 
that 10 to 12^ acres of good pasture is rcyuii'ed ; for merely;,' 
grazing by day, 2J—5 acres, and he reckons 2 to 3 young 
cattle or 10 sheep as ecpiivalent to one head of full-grown, 
cattle. He estimates for their daily requirements, 18—20 lbs. 
of hay for a cow weighing four hundredweight, 10 to 12| lbs. 
per head of young o.attle, and 1^—2 lbs. for a sheep. In 
Switzerland, one cow is usually reckoned to eat as much as 
seven sheep. 

(9) Seaton of the Year. 

' In Europe the greatest amount of damage is done to forests 
by grazing in the spring, when the young leaves and shoots 
W most tomfUng and the herbage scanty. The strong j 
i^retite and restlessness of the beasts after the long winter,; 
^litig has also to be considered. The least damage is done^i 





ae the grass at that season is liarii 
ahn'ntritiouB, forest-pasture is chiefly used when the herbage' 
(B best and most plentiful, from the end of May till the middle, 
|l'July. ■' 

|s'In the plains and lower hills of extra-tropical India, forest' 
pazmg is chiefly confined to the cold and dry seasons, but 
varies with localities. 

■ In the Himalayas, grazing is carried on in the upper forests' 
from 8,000 to 10,000 feet above sea-level, between May and 
September, the animals coming down in the cold season below 
the snow-level. 

(10) Stair, of the Weather. 

During very dry or very wet weather, or in the morning, 
while heavy dew is on the ground, caltle'prefor the leaves of 
trees to herbage. The damage done to the roots of trees by 
the tread of cattle is also greatest in wet weather. 

■ (11) Othr Coimlerations, 

Milch cattle require the test grazing grounds, and those 
nearest to the villages; then come young cattle. Beasts of 
draught can go further and put up with inferior pasture. 
Sheep can te pastured in places that are more remote from 
ihe farmsteads than those used for cattle jsisture. 

Horned cattle and especially buffaloes like moist pastures, 
and the latter will eat very coarse herbage. Horses prefer' 
short grass on old roads te that grown on loose forest soil. 
Sheep prefer even drier herbage, in elevated lands exposed to 
full light, such as heather-land, and are very liable to disease 
if fed on moister lands. 

- Homed cattle will not graze readily after sheep, and attack 
jroody growth in preference to grass where sheep have been. 

Cattle accustomed from tlieir youth to foregt grazing 0. 
I^re damage than others which seldom come into the faresti 
;|iess damage is done when the herds are kept well togethecj! 
|tnd this is most difficult to secure in .the case of goats au| 
Isasiest with sheep. 

IgWhen one considers all the various circniustie^j 



||m% oamage done by grazing, it is noi surprising that 
|irootical foresters should differ greatly in their estimates of 
^ts amount in different cases. Whilst a forester having cop- 
jjpice-srith-standards to deal with may consider tho amount of 
^amage done as very considerable, another in charge of spruce 
West under the clear-cutting system may look upon it as 
'quite trifling. 

^ It is, however, clear from tho experience of grazing in 
:'BO many mountain forests in the Harz, Black Forest, etc,, 
'where thousands of head of cattle kive grazed for ceuturies, 
and the forests are still flourishing, that well-regulated forest 
grazing may be admitted wherever its necessity for the welfare 
of the people is very pressing; a great resource in times of 
drought may also he secured to the people by opening portions 
of State and other forests tor pasture at such seasons. 

; Under certain circumstances, where tho ground under a 
■ weding-felling is covered with tall herhage, or a dense mass 
of dead leaves and moss, temporary driving-in of cattle may 
prove useful, and also in the case of a plague of mice, or of 
insects, when their larvm or pupa; arc on tho ground. 


(12) 1‘mltdirf Miastira. 

;? The regulation of forest pasture may he considered under 
) the headingsclose-time, arrangement et grazing areas, sonson » 
^^iOT grazing, species of animal, numljer of animals, control and 
'^otective qfaff. ^ 

Y II. dim-Umi'. 

fe Close-tirae is the pevlod during whicli a wood should not be ■ 
^epened to grazing. It commences with the regeneration of ' 
itiie wood, and terminates when the young trees can no longer: 
m reached by the animals, in the pole stage. The length of 
close-tiine depends on the species of tree, the system of ii 
manageme^,the circamstances of the locality, and the kin^,| 
H grazing animal. . | 

KW»flleaved species, especially slow-growing ones, require ? 
Kinder close-ti^e than conifers; high forests, a longer elo8e- | 
Wm than,wpice. In the case of mixed woods, the iength.| 
willvdenetid ou the moat endancered soecies.! 



: On poor soil, in exposed places, longer close-periods 
irequireil than ior good soils, shfeltered positions, and mild:- 
climates, since trees then grow faster. Sheep can he driven: 
earlier than cattle or horses into a forest. 

The calculation of the open area in a forest is given in the.,; 
following formula;— 

Let F = area of forest, 

/ = closed area, 

J\ = F — / = open area, 

» =e;lose-thne, 

)• = rotation of forest. 

Thon,/=P?.I. 

/, = F-/=F(i-^.) = F(’:-*)...n. 

For example, a forest of 1,000 acres area, with a rotation 
of 100 years, and a close-time of ‘25 years : 

The closed area = 1,000 = 260 acres. 

. IvK/ 

75 

The open area = 1,000 - — = 750 acres. 


Speaking generally, according to G. L. Hartig, the following 
ireas should bo closed:— 

Broadleaved forest . . . ^ to J of the whole area. 

Coniferous do. . . • i to J ■ „ 

Coppice do. . . • i to | „♦ 

According to Hundeshageu, the close-time should be as 
iollowB- 

SVSTKH OP M-WAOEMENT. 
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^'Jn wis table the minitne ere for good locelities, and for’ 
r species not much endangered by (jrazing, and thu maxima for. 
; inferior loealities, and tor species preferred by the animals. 

' '■ When the animals are simply driven through a forest, 
much younger woods can be opened, but in such cases the 
gradient of the slopes and the consistency of the soil should 
, be considemd. Thus, in the Harz, 8-to-.5-years-old plantations 
' of spruce with appetising grass are opened to cattle and 
suffer less than older wood.s, where the grass is hard and 
, unnutritiouB. • • 

h, iMiiliim of (Iraxuii/ jlimo. 

Every year a new tabular form showing the areas opened 
to grazing should bo drawn u]) and publicly advertised amongst 
tho grazing villages that use tlu^ forest. In ](reparing such a 
form, the open compartments should be arranged so as to 
make it possible for the animals to passthrough old woods, 
from one grazing ground to the next, or drift-roads should bo 
laid-out between them wherever young woods intervene, and 
sufficient time allowed for the grass to grow in a grazed area' 
before its turn for opening recurs. Marshy places, loose soil ’ 
and steep slopes are to bo excluded. Localities with under¬ 
growth that is valued for regeneration must not he opened to 
sheep. Where trampling is to be dreaded, horned cattle must,, 
also be excluded. Attention to the napiirements of the animals 
U when drawing up the plan of grazing will also tend to restrict 
damage. 

S, ■ The closed areas must be marked on the gronml with notice 
Is, or protected with fences or ditches, the, latter to be 
t feet wide and IJ feet deep, with the earth thrown up on the 
I'Bide of the closed area. , 

p It drift-roads are required from one part of the forest to' 
I another, they should be from 15 to 24 feet wide, according to 
y^be number and species of grazing animals. Wherever these 
Inroads pass through very young growth, ditches, earth or stone: 
liians, or dry thorn hedges, should be placed on either side, 
pfee earth Srom^e ditches should be thrown up towards thq; 
goosed area to assist in keeping out the cattle. *j 

KWhapitw.such protective works are not made along a drif| 



the nearest rows of young plants should be'^otecW,^ 
m Fig. 20, each with three 1-ough stakes with the jagged side^ 
‘|lointing outwards. When for the removal of a strong growtm 
of 'herbage, or other *reaBonSi: 
pasture in young growth is coni 
sidered advisable, this should be 
allowed only from the lat of July 
otter the year’s shoots have com-' 
menced hardening, and in dry 
weather. By multiple-planting 
at each spot, in threes or more,; 
thero is more chance of success 
in grased forests, than when' 
single plants are used. In grazed selection forests, the only 
certain system of reproduction is to plant in groups where 
old trees have been removed, and fence-in each, group until 
the plants require no further protection. 



Fig. 19.—l‘r()t«;tioii for ytmng 
ploate. 


r. Ihiraiwn of Vosinro. 

: The usual duration of pasture in Europe is from May till 
Septemlrer. The period for grazing varies in different coun¬ 
tries, being, however, much the same in the mountainous 
parts of Northern India as in Europe. In hot countries 
groat danger arises from the custom of bring the dry grass 
in forests for spring-grazing, in order to get fresh young shoots' 
•from the rhizomes of the grass, as the dead cold-weather grass^ 
•ia unnutritious. In certain forests, however, some of the' 
grasses remain green, long after the grass outside the forest*! 
has dried up, especially when the forests ore at a certaiqS 
■altitude and on northern aspects. 

|,; Owing to unsuitability of the unburned grass for pasture, 
Wtain inferior areas of forest and blanks may have to 1^ 
given up as grazing-grounds, and burned annually for this 
l^urpose. It is found by experience^ that, owing to constant 
iipazing, coarse grasses gradually disappear from these area% 
!b 6 that eventually they need not be burned, the non-inflani| 
linabUity of the finer grasses then assists in ^e protection ri 
pi« valuable parts of the forest from fira It is, howe'^^ 


ays preferable to try and induce the people 



?®Fve the'^ais before it has become drM-up, end jresert^ 
as hay or ensilage for nse daring the dry season. This 
.plan has had great snecess in Ajmir, in India. 

' In t^Alf 8, forest pasture lasts only for ten or twelve weeks,' 
and sheep-grazing on the high forest pastures of the Himalayas 
is of a similar nature, those pastures not being burned. The 
winter pastures in the N.-W. Himalayas, in forests of IHim 
ImgifoUii, Eoxb., are generally hnrnod, both in order to destroy 
the dead needles, and to produce a fresh crop of grass, liorests 
so treated must eventually disapiiear, but the magnilicent re¬ 
production of I'iniis a-ceha, Wall., in the middle altitudes of the 
Himalayas between C,000 and 8,000 loot, since fire protection 
has been introduced into the forests, is moat remarkable. 

In wet wealber, forest grazing must bo stopped, or carried 
on in old woods only. The usual daily grazing slioiild com-' 
inence only after the sun has dried the dew, and night-grazing' 
is not generally allowable. If cattle are to bo driven through 
young growth, this should be in the aftornoon, after limy have 
already had a good meal. 


il. Sjifciea of Gmzitu/ Amimila. 

Goats, horses, and camels must not te allowed to browse in¬ 
valuable forests; their fodder should bo cut and brought 
to them. The French laws e.vcludo sheep as well as goats, 
from all forests managed by Iho Stale Forest Department/' 
but sheep may be admitted to graze in forests in certainj 
localities under special sanction. Elephants may be admitted,; 
into forests witb their keejwr, and their fodder cut and brought, 
,in by them. A list of climbers and inferior forest trees and' 
shrubs suitable for the fodder of goals, camels, elephants and 
buflaloes should be drawn up and circulated amongst all* 
keepers of these animals who obtain fodder from a forest/i 
and the fodder, as far as it consists of woody plants, shouldt 
^ restricted to these species. 

|| A8 regards other grazing animals, the number to be admitted' 
forests m^t be carefully controlled. This number wi]| 
P determined by considering the amount of their require| 
the available quantify and quality of the herb^i 



Site.forest. Wherever tender grasses are'available, thesi 
are exclusively grazed on. 

I No diseased or sick cattle should be admitted, and from one- 
jtenth to one-fifteenth of the animals should be provmed with 
bells, those inclined to wander from the herd being chosen. 

The animals should be driven into the forest only in flocks 
or; herds under the care of trustworthy herdsmen, who musi 
see that they do not crowd together, nor stray too far apart. 
A fewt horses may he attached to a herd of cattle, hut cattle 
and sheep should never be kept together to graze. The 
herds must not be too great, not above 100 to 150 head. All 
crowding and fast driving, and especially driving cattle with 
dogs through young growth, must be forbidden. 

On slopes grazing animals are driven straight up from 
below, and very slowly, in order, as much as possible, to avoid 
damage by their tread. < 

Shady places in old woods without undergrowth should be 
selected for rest in the middle of the day, and must be near 
water for the animals to drink. 


c. Herdamen. 

j Well-reputed, trustworthy jieople must be selected as herds¬ 
men, and the owners of the cattle held responsible for damage 
or breach of regulations, any failing in this respect being at 
once reported and seriously dealt with. 

The forest manager should secure for himself a certain 
influence in the appointment of the herdsmen, and endeavour 
’ to get them to take interest in the welfare of the forest, by 
t-rewards for good behaviour, and discouragement if they are 
'Sitoreless. If the herdsman chooses the proper moment, when 
' the beasts show an inclination to attack woody plants, to drive 
rjthem on to another pasture, and when to graze in young 
©woods, and selects old woods in wet weather—in fact, if he has 
:i&e necessary pow'er of obscrv’ation and will use it for the 
p^efit of the forest, the damage done by grazing may become 
^ite inconsiderable. 


(18) Geese, etc. 





■ ... .. 

Iwte^ aevonnng forest seeds; bat certain bianas may be 

fonnd suitable for geese, and the damage done by fowls and 
pigeons is inconsiderable. 


7. Fornt Litter.* 

As the removal of litter consisting eitlior of the soil-covering 
’ of dead ||aves, needles, humus, moss, etc., or of branches oi 
Iforest trees in full foliage, is the most hurtful form of utilisa¬ 
tion of minor forest produce, its jterinissiou must bo looked 
upon as altogether exceptional, and only to be granted under 
most pressing necessity (scarcity of straw, etc.). 

; The then requisite protective measures are 

Limitation of the quantity of litter to be removed to what 
is absolutely required by local fanners and peasants. Not a 
word should be heard in favour of selling the litter to others. 

If the rides, roads, ditches, places from which the wind would 
inevitably blow away the litter, and hollow places where it 
becomes heaped-up unnecessarily deep do not suffice for the 
requisite supply of litter, then felling-areas with high herbage 
should be opened, but growing woods only as a last resort. 

Only places with fertile, deep and fresh soil can bear a limited 
deprivation of litter. On poor, shallow, easily dried, hot soils 
. and on sunny aspects, the collection of litter must bo uncon- 
tditionally refused. So also in woods that are insuthciently 
??tocked, or in badly growing woods, of quality under 0'7. 
i Woods which have not yet attained their maximum height- 
ipowth must be closed against the removal of litter. The 
Joecessary close-time depends on the species, the locality, an<| 
'^e length of rotation (r),; it should be at least J r for High' 
forest and Coppice-with-Standards, ^ r for Coppice, but for 
IjE^actuig species, such as the beech, we must wait up to } r 
||Ven in high forest. 

l^'.The repetition of the utilisation of litter is allowable only^ 
pter a certain close-time, which varies from 5 to 10 years 
ording to species of wood, quality of locality, rate of 
Hqjrth, etc.- 

Mi toxrant oi the value oi humus in the soil of a forest, see Vol. 
end Vo). V., ;isrt Ih, ohap. VU, 



^"l^iiovi of leaves should not be pemitted two 'y&imWKvS 
W after a thinning, and in the case of natural regeneratioa| 
^ere must be a close-time for litter 4—8 years before and| 
After a seeding-felling. This, however, implies such a state 
‘decomposition of the soil-covering, that seedlings can stritefi; 
itheir tap-roots into the mineral soil. Wherever deep layersj 
Af nndecomix)8ed humus prevent this, they must be removed- 
so 08 to expose the mineral soil. ^ 

, The most suitable time in Europe for removing litter ig'? 
on sunny dry days in September and October, shortly before 
the fall of the leaf. This rule will require modifying where, 
as in hot countries, some of the trees lose their leav.es in’ 
.,the spring. 

Iron rakes must not be used for collecting litter, as they go; 
in too deep and may injure the roots of the trees; brooms also 
remove too much litter. Only the uppermost undecomposed ^ 
layer of litter should be removed. Cutting and removal of ; 
sods of grass with the roots must be forbidden. , ■ 

As regards moss, species of Ilyiimm should be removed only 
in strii)8 during the spring, so that the regeneration of the 
moss on the bare places may bo facilitated from the strips left 
untouched; this happens, when the soil is fertile and moist, 
in about six years. Then the old strips of moss may be 
removed, and another six years left for the bare places to, 
recover, and so on. Species of I'olytnchimi and S})hagHum,f'^ 
which generally grow in patches on wet soil, cause swampsl 
and are hurtful rather than useful, and can therefore alwaysl 
be removed. 

t Branch loppings for litter, host from silver-fir, should 
conceded only from felled trees or from those just about td bej 
felled. Sometimes it may bo useful to allow grass, heatherl 
broom, bracken, etc., to be cut in young plantations, for ua| 
jte litter. The kind of implement to he used will depend oi^ 
jbircumstances. ' 

>: Baring removal of the litter, the forest must be earefali| 
^^atched, and wherever annual permission for litter is giv 
■ iteheme rfiould be drawn up, allotting the open areas 
taocessive years. 

|j; Bv careful economy in the preservation and Uge- oR^ 



l)y the use of straw and provision of fodder-< 
ops for stock, the demand for forest Utter may be reduced ;! 
iit is the duty of the State to impart public instruction in thif 
Aspect, and as to the extreme impoverishment of forest soil by 
?the constant removal of litter. The worst possible instances* 
^of damage to the soil by the removal of litter are exhibited by! 
Ithe State forests near Nuremberg in Bavaria, whore even 
rScots pinp, in some parts of the forest, can now grow only 
as a dwarfed scrubby tree almost useless except for fuel. 
Litter from coppice-with-standards in Kent, Sussex and 
Hampshire is regularly used for manuring hop-lields, to' the 
impoverishment of the soil of those woodlands. 


8. Dead Jiraiich-ivond. 


AVherever the removal of dead branch-wood is not a right 
,.of usage, but is permitted under certain conditions by the 
forest manager, the following rules apply:— v . , 

Written or printed permits for the removal of the dead wood 
must be held by each person so engaged in order to prevent 
the concession from becoming a right, and generally, people 


too poor to purchase fuel should be favoured in this respect^, 
'but they should not bo allowed to sell the wood. 

' Very poor or exposed localities in the forest should be 
'excluded from the use of this concession, as the dead branches ! 
^crease the humus of the soil. 

As a rule, no tools should be used, but where removal of!« 
mead branches from standing trees is allowed, they should Iw" 
^awn off close to the stem. | 

I In order to facilitate control, the removal of dead wood' 
^Should be allowed only on certain days, and not between! 
sunset and sunrise, and the forest carefully watched on those| 
"lays. ! 

feWberever game is of importance, the privilege must bdi' 
mspended during the breeding season. 

|^;It may be necessary to prescribe the removal by certain"^ 
ds in order to Jjcilitate control. 

I removal of fallen dead wood is not so harmless as manyi 
le ftmk, as a considerable amount of humus is formed! 



it7*Thu8 sBpwood, of which young branches are c&iefij^ 
spmposed, contains far more potash than heartwood. 

In the Crown forests of Hesse the privilege of collecting 
lead wood gratis is subject to the following rules 
' All dry fallen wood, which in the opinion of the forest 
manager is unsuitable for sale, may be taken. Also dead 
branches, which can be broken off by hand by one person 
without climbing the trees, provided it be not over 6 cm. 
(2J inches) in diameter. Only poor people provided with 
formal permits are admitted between sunrise and sunset to 
tbisTTrivitege. All tools are excluded, and no sale of the W'ood 
allowed. Transport is by head-loads, or in hand-sledges. 
The privilege is stopped during May and June. 

In North-West Indian State-forests, the privilege of 
removal of dead fuel is frequently leased annually; it is also 
granted free to villages paying grazing dues, and to travellers 
on high roads passing through the forests. 

- -4 


9. licinnnil of Stoni’s, Orard, Stind, etc. 

\ The following rules should be enforced :— 

All quarries, sand, clay and gravel pits must be properlj 
demarcated, and the boundaries strongly walled or fenced t( 
prevent accidents. Proper precautions must be taken tha 
meither roads, nor streams, nor the forest outside the quarrj 
^le-imperilled by quarrying. 

In agreements made with le^es of stone-quarries, etc., the) 
?niay have to pay for repairs to forest roads leading from thi 
Quarry; they sliould also be held responsible for any damagi 
Idone by their employees. In French State-forests, when 
.al-mines are worked below thelforests and subsidence 
eonr, the coal companies have either to restore the groum 
r ite original level and replant it, or to dig outrtsh-tanl^ 
„ which we valuable in France. ;; 

I' Stones lying about on the ground should be collected onl 
f^here their removal is not prejudicial to the forest, and whffi 
* ^oved, the ground where they wore lying, "hould be lavel^i 
lemoval of loose stones should not generally be allow^^^l 


s,espwiaUyon I 




ST* 




^»’af&T^SSlv-Bten* retain moisture m the soil. PlacM. 
:!ut ^here the stones may he stored and road. 

lfr“i:a!"^>v.v.h^ k.v. 

hmild be levelled or sloped-off to prevent aceidonte, and 
E pfssible planted. This rule is specially applicable to 
xperimental pits abandoned as not sufficiently piofila ile. 

10. aolledwii of other UeiM of Minor Vroth'ce. 
Collecting berries, such as bilberries, wild 

.asiSes etc.; edible fungi; empty cones lying on th 

•1 fl with fornially written or printed permits should b 
provided with formally v > countries. 

isiasssi 

sary, as m collectors from firing the 

cr:: i i. ^ 

altogether except during seasons when the g 
covering in the forest will not burn. 

11. Game and Figheries. 

■ of the riclf to hunt or shoot game, and ol 

ifishS'^qnenvy Foduce 

tost little or no damage is done bj pheasants an ^ 

fer. “o, E:r;r'r— 

Sj.. «a •!..« 



^iopensation to owners or tenants of land bbfdermg'oii !< 
■forest, for damage done to their crops by any excessive head o 
fgame which may he preserved in the forest. They should al8< 
j^x a minimum limit to the area on which a man may claim th( 
exclusive right of shooting on his own land; this is especialli 
i'roquired in countries where landed property is much subdivided 
\Such n limit is 25 hectares (G2J acres) in Germany, but owneri 
of such small arca.s may combine with others to form shootilij 
syndicates. In Froncli State-forests, sporting leases generally 
run for nine j'ears, the lessee having to pay for any wire-fencei 
. that may he required to )>rotect the young growth. 

Fisheries arc; also regulated by laws. In France, .since 1897 
the preservation and control of fisheries in all State non-tida 
waters, have been placed under the State Forest Department 
which is styled ** Ad lui nut ration des l']anx et h^rrntsd' 

Their plan of operations over 842 miles of canals ani 
canalised rivers, and 210 miles of other rivers that belong t( 
-tile State, is :— 

1. To form re.scrved waters where fish can freely propa 
gate. On other streams, ju-ivate fishing rights iirevent Stab 
interference. 

2. Itewards are offered to fishery guards and to fores 
guards for protecting natural breeding-places of fish and foi 
establishing new ones, for killing otters and other fish-enemies 
for protecting stroaiuB against netting by driving stakes int( 

' river-beds. - , 

3. Fish-ladders are erected. 

4. Live fish are bred'in specSl piscicultural establishment! 
and are placed in State streams, lakes, and grounds. Tbej 
are also distributed to private fishoiy owners. 

6. Crayfish have died out to a large extent in France Iron 
disease, and fresh crayfish are imported and placed in tb( 
livers. 

. 6. Pisciculture is taught at the National Forest School, a 
5lauey, where a special piscicultural laboratory and breedinf 
pstablislunent is maintained, the latter iu the adjoining fores 
iof Haye. 



CHAPTER in. 


PROTECTION OP THE FOREST AGAIN3T*0FPBN0E8, 

1. General Airmtit of the Siihji'G. 

' The theory of forest legisluliou and the law of forest polioe 
is dealt with under Forest Law.* 

Tliere are, of course, a nuinher of acts in a forest con¬ 
stituting an infringement of the rights of the owner, wliich may 
he remediiihle only hy a I'iriJ court-eitluir hy a suit for an 
injunction to the offemhsr not to repeal his acl, or for ilamiujun. 
Of such cases it is not necessary to siieak in detail; hut a 
word may l)e said ahoul “Iresjiass. ’ Ordinarily an entry on 
a man’s jn-operty which is not lawfully warrautahle gives rise 
to an action for damages; hut under the Lnglish law (and so 
in India) trespass cannot hopivisirnteil ciiininollii, unless there 
is proof that the entry was with iidention to do “mitichiof ” 
or commit a legal offence of some kind. When, tlieiefoie, hi 
forests, it is desirable (owing lo the siiecial circumslances) to 
make penal the mere act of climbing a fence and aimlessly; 
wandering (off regular paths) in a compartment, or a young 
plantation, it can be done only hy an express enactment of a: 
suitable prohibition and (light) penalty. 

' 2. hefmition oj a ForcU OffcMCc. 

’ Under the term “forest offence" is here included any act 
done inaforest which is punishable under an existing forestojj 
(other law. Offences which affect or threaten forests (or tW 
'produce of them when converted and stored, or in transit) 
Ijfhich interfere with control, are naturally sometimes of Sf 

BeferencS*m»T baroade to “ Forest Uw," bj B. H. Badfn-l’uwoll, C.I.Jllj 
(Bradbu^, Agnew, it Co. U.), 1893, which also refers to Uic lamoi^ 
on the subject. ' 



iiw- ‘^Mch might occur ia* respect of nny |irbpraf^, An® 
jmetimes of a special character: i.e. they liappen#OBly 
( forests and are not attempted elsewhere; or else are 
iceptionally dangerous or injurious when done in a forest 
)r with regard to forest property generally). Hence in 
lost systems of law, “offences” are partly punishable under 
ae provisiorti of a forenl hiir, and partly under the ordinary 
Penal Code” or the statute and common law of the 
ountry. 

In Iniha, for example, such offences will sometimes come 
ihder the Forest Acts; sometimes under the Penal Code; 
ometimes under either. And it is a matter for the law 
iianuals to tell us when one law or the other should be had 
ecourse to. In the liarrisn Isi.ns there is no special forest 
aw; accordingly all “ offences ” that are punishable (as 
listinguished from acts which give rise to a claim for damages) 
.re so under the ordinary (Criminal) ('ommon and Statute 
jaw. 

it. Cl(is>!ijii''ili(i)i (if Fort'nt OJl’ciit'cs. 

Forest offences may, tlnu'ufore, he elassilleil as follows:— 

, (n) Damage: 

Unintentional. 

Wilful. 

(Ii) Misajipropriation : 

Simple. 

Accompanied hy damage. 

! (c) Contraventions of forest police. 

The subjects of forest offences are sometimes the forest soil, 
jr its covering: the stock of wood or minor produce, whethei 
itanding or converted; houses, roads and other works and 
Appliances used in forest Imsiness. 

rt. hamayt. 

Uninteiititinal damaye occurs in a variety of ways, as foi 
inrtanee:—damage to standing trees through clumsy felting 
^ otlier trees, to young growth during fellings or removal p: 
Material; cutting up valuable timber into firewood in igno^i 
of its value; cutting seedlings during grass-cottiniJ^,, 



'carts over boundary marks, tbrongh ditehes, dovrh' 
' : embankments, etc. Tlie number of cases wliicb may occur is 
f BO great, that to draw up a complete list here is impossible. 

" In many cases no legal offence is committed which is pinmh- 
«We criminally; but the doer of the damage is liable to make 
''reparation. 

,; In the case of wilful (hmwr, the motives may lie wantonness, 

> revenge, selfishness, even superstition.* 

Damage of this kind includespeeling the bark from 
standing trees, girdling, cutting-off leading shoots, lopping 
: branches or exposed roots; lopping branches from trees yielding 
mast, or from cone-bearing trees in order to facilitate the 
removal of their fruit; wilful damage to lioundary marks, 
fences, forest nurseries, or other forest appurtenances. 


h. Mimifrupriiilion. 

Under Ibis heading is understood illegal appropriation of 
forest property still belonging to the forest owner. 

In most systems of law “theft” and “larceny refer-to 
“personal” or “moveable” property: such .as a watch, fire¬ 
wood in a stack, a tog, or a beam ; and there is (or may be) a 
difficulty about prosecuting cases of lopping, or the offence 
cutting'a standing or growing tree, bush, or sapling; goner- 
allv, therefore, the .forest law (if there is one) wil specially 
provide lor these cases, and will leave " theft” of P’’" 

duce (stored), cut limber, etc., to the ordinary law. When 

there is no special forest law, the cutting of standing tree 
would at any rate constitute “ wilful damage or misc ne . 

,Si,«p/c aiisupi-ropriatioH (in the general sense of the term 
is unaccompanied by any damage to the forest, so that no las 
:,of increment, no impoverishment of the soil, results from tb 
offence, but merely t»e loss of the property illegally take 

fx- • About thitty years ago a .leialar forest in .lan.mr, in the N.-W. llinmlays 
deliberately burned to propitiate the gotldcss pt „ 

t In India, a technical distinction is drawn Utweei. theft ' 

(I'priatinn," for which sec “ Korest I*w ’ (p|i.' ')• ' 

Indian law, that though “ theft ” can only be of ■ inoveal.k pm"-i . 

gutdaatandingW iwot snch,—still ui7”,o,ini; wi 

ifeom the soil may make the object moveable and also effect the movmi, 
Piahoneit mteutioB that ht necessary to eoBstitute “ theft. 



this is molnded t6e illegal removal of SeadslaiiSmj^ 
■ees (provided no damage is-thus done to living trees); of, 
ead branches or windfalls; of fruits not required for natural 
sprodnction; of grass from rides, or roads; of stones lying, 
n the ground, berries, edible fungi, etc. 

Muaiipriqmatim acrompanird by damaye is committed when 
be forest owner, in addition to the loss of the articles 
bstraeted, suffers physical damage to his property, which 
lay differ greatly in degree according to circumstances 
species, age of wood, system of management, density of 
;rowth, locality, et?.). 

To offences of this class belong, as regards 2 »’incipal pro- 
;—cutting and removal of standing timber, or parts of 
tending trees, involving loss of increment and irregularity of 
aanagement, or introducing decay into the wood ; removal of 
eother-trees in regeneration-fellings, or of standards in stored 
;Oi)pice, resulting in delay in the reproduction of tho wood, 
ieprivation of shelter against atmosi>tieric intluencos for the 
'oung growth, exposure of the soil, etc. Some of the most 
larmfnl of these offences are digging up green stools from 
ioppice, and removal of young plants from plantations, as 
bus the care talcen to restock a wood is frustrated. Anollior 
'ery hariuful offence in Germany is tho breaking off of the 
eadei'B and side-shoots of young pines by children for sale to 
ipothecarios, who grind them up and export them, chiefly to 
America, as medicine, under the name Turiones pini. 

As regards minor pm/wee;—peeljng bark, tapping for tur- 
lentine or gum, lopping branches for fodder, gracing, raking- 
ip litter, cutting sods, and appropriation of the resultuig 
woduce, are common offences. When tall herbage is pulled 
ip round seedling plants, or excessive layers of humus are 
■emoved from felling areas, the owq^r of the forest may 
mtually profit by the offence. Such ttominal offences may 
ie prevented by permits to remove noxious material. 

* In many of these cases, as for instance in the removal <4 
liter, the damage done to the forest far exceeds the value of 
jhe material abstracted. 
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The offences comprised under the above heading are infrao- 
iions of police regulations made tor the public weltaro, or ir 
ihe interests of forest conservanev. No damage need rosuli 
!rom such offences, as for instance from kindling a fire in t 
forest -which may become extinguished without causing e 
forest fire, although there is an imminent prol)ahility thal 
inch a calamity will hajipon, and this probability necossitatet 
the stringent prohibition of such an act. Offences of ihit 
nature may be placed in the following groups:— 

(i) Ojft'uveo agamol forcol arntriit. —Fjxamples: removal ol 
wood without permission, at a forbidden time, or by a closoc 
road; collection of dead fallen wood without a permit, or; 
forbidden days, or with prohibited tools, etc. 

(ii) Offeiici's euiluiiijcriiig //o' /()(•(•.*,•(.--Examples: lighting o 
fire; leaving unextinguisbed a fire ligiited with permission o: 
the forest luanagoi'; carelessness in burning charcoal or lime 
smoking pipes without covers ; going into a foi'o.st wit! 
■torobos, etc. 

(iii) /Ic/« jiri'pamUirti to a fitimt tijfi'iKr, which ai'c couse 
quently prohibited:—Examples: trespass by climl)ing ovei 
fences, carrying axes or saws in a forest without permission 
injui-y to notices, etc. Eorest trespass (in closed places, of 
regular paths, etc.) where this is made penal by law. 

Many forest offences comprise damage or uiisa])pro])rialioii 
as well as contravention ol regulations; as for instance injury 
to growing trees by transport on a prohildted road, kindling l 
fire in a forest with misappropriated wood, etc. 

Such complications may involve several heads of charge ii 
the prosecution case, or call for severer iiunishment thai 
offences of a simpler nature. 




4. ProMire Meusurn. 

'j .Protective measures against forest offences may he eithe 
;Sit;cct or indirect. The latter chiefly involve removal of th 
of offeuo^ and the former are directed against th 
tfenoe itself; it is, however, difficult to draw the line hetweej 



^.‘'viiwivuiiineiy, loresi onences are always crmsiaereas »y 
|^uai*y people less culpable than those against the penal codei 
as many German provepbs show. This results from the former 
•communal possession of many forests, and the small value of 
.forest produce in earlier times. Even now, the appropriation 
of Christmas’ trees, birches for \VhilBuulide and sallow branches 
in bloom for Palm Sunday, are frequently considered justifi¬ 
able. The forester should not bo loo osacting regarding certain 
innocent practices ingrained in the popular mind, and he 
should endeavour to become acquainted with all local customs 
which prevail near his forests. 

The following are the protective measures against forest 
offences:— 


a. ItriKoral of (hum of Offence. 

Want of occupation and consequent poverty often loads to 
an increase of forest offences. As a population increases, 
without more opportunities for employment arising, and as 
the clearance of communal and private forests causes a rise 
in the price of forest producu, the lomptalion to commit 
offences is increased. They are also more frequent near 
populous towns than elsewhere, as the trade in .stolen forest 
produce is thus facilitated. At Ilardwar in N.-W. India, in 
1882, unmarked forest produce brought into the town was 
regularly priced lower than properly certificated produce, as 
the former was suspected of having been misappropriated and 
might get the purchaser into trouble. Insufficient education, 
•careless watching of a forest, bad forest legislation, and a 
ifeeblc execution of juBlice on the part of magistrates, may all 
wmbine to increase forest offences. 

j. The subject of Foreti Policy comprises a study o| the above 
lactors, and only the energetic action of the State can ensure 
borough protection to forests against forest offences. Under: 
IForcst Proteclum, we can rely only on means within the power 
•iif the private forest owner, which are as follows 
‘fy (i) Careful utilisation of all forest products, so that all lofliiV 
|rtat3 may as far as possible be supplied. Erequent sales of 
ll^uee, and in small lota; mid credit given for a certain nawk: 



fof tie purchase-money until the purchaser can begin toMaUflul 
lihe value of his purchase, are useful measures. * 

(ii) Provision should also be made for the sale, by printed 
or written permit, of kinds of principal forest produce which, 
frequently form the object of misappropriation, such as hop- 
poles, props for fruit-trees, cart-axles, wood for ploughs, pea- 
sticks, thorny hushes or stakes for fences, hast for rope-, 

^ making, Christmas trees, faggots, slumiis and roots of felled ' 
trees, etc.* 

(iii) Permits, if necessary without payment, to remove 
certain minor forest produce as far as is consistent with the 
safety of the forest, should also he obtainable throughout the 
year. For instance, to cut grass; for dead fallen fuel; to 
collect berries, edible fungi, cones; to utilise some kftds 


of litter the removal of which is not harmful; in certain 
coses for the temporary cultivation of crops. Tall coarse 
grasses may frequently ho removed to the advantage of a 
forest, and tlnis may be secured less danger from frost and 
fire, more beat and moisture in the soil, and loosening of the 
' surface, all of which are important for plantations. In the 
case of temiiorary cultivation, potatoes are to be preferred to 
cereal crops, as they impoverish the soil less. 

(iv) Supplying work in the forest during winter or at 
other seasons when employment is scarce. When a village 
near a State forest has been burned, building and thatching 
material may he supplied free, or, at a low price, in order to 
prevent dealers in such material from charging excessive 
prices to the distressed villagers. Pvoads, drainage, ditch¬ 
ing and removal of stumps, will furnish employment,' in 

1 addition to the ordinaiy telling and planting work in a forest. 

(v) In the case of connimital foveste we have moreover to 
secure economy in the use of firewood by introducing the use of 

i improved stoves, ovens, etc. The firewood store-depots should 
'he centrally situated, so as to facilitate removal of the materi;jJ 
S'by the householders. The wood should be delivered dry and 
jin the smallest quantities in demand. 

5'4»'Itt“Eev,«le8 E. ctr.,” 1905, p. 688, it is rtatoii that Hilesot small Idling 
fkraas oE coppice in Al^ria have resoltcd in a considerable reduction of offences, 
Kyh«.peo)de, living near the forests formerly gained their livelihowl jiartlj Iff. 
^^,,f0ng«qf;itl»^af.f(»«st produce ' , , . j,}- 



I- -^Opprovemeiit of agricultural methodsi bo that agi?i^!tu^ 
ipaji^pend as little as possible on the forest. Common-land 
should be used to the best advantage; technical instruction 
in agriculture should be afforded, etc. 

(vii) Much may be done by the exercise of tact and kind¬ 
ness in the administration of a forest, to prevent the ignorant 
peasantry from feeling the forest to be a hostile institution in 
their neighbourhood. This need not impair the effectiveness 
with which important rules are enforced and the safety of 
the forest ensured. It is possible so to act as to make the 
people not dislike the control, by using discretion in enforcing 
particular prohibitions. Ignorant peasantry will always dis¬ 
like forest conservancy ; but they need not feel it a grievance: 
thdte is an irritating kind of exactness which tends to pro¬ 
voke a spirit of malice and a desire to injure the forest; 
whereas, a judicious niaiiagoment will in time disseminate the 
idea that the forest is after all a beiielit, and that the forester 
is not (he enemy of the people.* 


Direr/ l)t'ti/iny teith Forest Ojt'enees. 

* (i) The forest should he suMivided into beats of suitable size 
and shape ior jiutroUiiifl and keeping watch against trespassers, 
or against the causes or origin of fire; in Germany, the area of 
a boat ranges between CtX) and 1,800 acres, the latter in Wiir- 
teniberg, the mean area being 1,150 acres. Trustworthy forest 
guards should he appointed, who should be allowed sufficient 
pay and houses well situated as regards their beat, also allot¬ 
ments for a garden and potato-field, and pasture for one or two 
cows on forest rides and blanks. Proper control of the guards, 
and promotion and reward of good men must be seen to by the 
lorost managers. I'ricndly-societies of the guards should be 
Encouraged. 

:> ((*) ^ood-outlers and contractors employed on work should 
Jjie induced to participate in the protection of the forest. 

K- The forest should be constantly inspected, and all workmen, 

f • In the Jftunaar district in India, the wages paid ailiiually hy the F<»W 
©epartment were in 1«S8 enificient to cover the rent paid to Goremment b»| 
penaantn. 
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Proper rules regar&g forest ra 
|bn3t be duly made known and strictly enforced. 

I' (iii) Ail forest offences inudt be promptly reported, and tlie 
r^bffenders prosecuted. There are some particular offences 
^'against which special remedies may lie adojited. Where 
j tappings for turpentine have been illegally effected, they may 
be smeared with lime-\vat6r, which stops the flow of tnr]ien- 
tine. Where removal of litter is to be feared, stomps may be 
left somewhat high at the thinnings, or stakes driven into the 
ground to impede progress. All stumps of stolen trees should, 
on discovery, be marked with a special hammer to facilitate 
control. 

(iv) Wherever it is possible to free forests from rights-of- 
common, this should bo done, as abuses almost always 
accompany them. A comparison between open and closed 
forest is shown in Fig. 20. 



Fig, 20.—.New Forest, 1900. ComjiarisoR between closed and ojwn forest. 
Kifldly Bugjtlied by CommissioserB of Woods and Forests. 



CHAPTER IV. 


PEOTECTIOW AGAINST DANGER PROM FOREST 
RIGHTS. 

Section I.— General View of Poebbts as “Estates" or 
Pieces of Pbopbutv. 

1. IVhat is Projicrty ? 

A MBCiiRsioN cannot here be attempted of the legal defini¬ 
tions of property, or the questions involved iii kflal possession, 
and BO forth, with which the whole subject is bound up. Wt 
commence with the practical consideration, that in modern times 
most things that are available for use have, or are presumed 
to have, an owner. In particular all hml (in countries where 
there is a civilised government) has come to be recognised at 
|he “property ” of someone: even an open moor or waste is 
pwned by someone. This ownership implies the following 
elements:— 

(o) That within certain limits or boundaries, 

(fc) the “ owner” has certain positive rights: which othei 
people have not. 

(f) He has also the neijativv, right, that other persons are 
bound not to interfere with his rights. 

In either case there is a legal remedy, which the owner can 
invoke in the case of an infringement of his right. 

(d) It is possible that some other jiersons (without actually 
i/nfringiny the owner’s right) may have certain rights of their 
own which limit the enjoyment of the owner; if so, these 
lights must be known and certain. 

Where these conditions are not yet legally existing there 
eonnot be, for any practical purposes of management or 
^ntrol, an estate or property. "-i 

Where the owner’s rigl^t (a and b above) is not limited bjf; 
we existence of other rights under (d), the lawyers shbrHl 
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tfltpfesB the Bum of nig rights as oirner, by saying that he 5 
has the use (every possible advantage from the estate); tlie-^ 
abuse (the right to destroy and make it a waste, unless some ; 
express law prevents him); the fruits, i.e, all ]>roduco and;) 
accessories; and lastly, the right to lot, hire, alienate, and 
maintain any kind of legal action necessary to defend his , 
properly. 

the Persons ii'lio are Owners. 

Forest property may belong to an individual owner, or to a 
partnership or body of co-owners, or to the State ; or to what 
is called an arli/ieial or leijal person, namely, some body of 
men, or individual holding a peculiar position, or even an .i 
ofiicial trust, or some institution, which the law regards as ) 
if it were one single person, taking (as regards the property ■ 
owned) no thought of the individual member or members , 
composing it. 

The corporation, as a legal person is called, is exehipliiied 
by the “ Crown," the “ rector of a parish,” a town corpora¬ 
tion, a college, charitable or other body, which is by law, or 
by a Royal Charter declared to he corporate. In such cases 
the law or charter specilies the oflicer (chairman, secretary,^ 
etc.) who is to represent the corporation : the act of the whole’ 
body is signilied by a coinmoii seal.* The imlirirlmd members 
of a corporation have no interest in or liability for the 
property whatever, nor can they take any action regarding 
it. Thus corporate properly differs from property where 
the owner is a eompany (not being a corporation), or a 
partnership, or a set of two or more joint owners: for all 
these have separate rights and individual interest, although 
until partition, no one of them alone can deal with any 
portion of the estate. 

3. Limitation of Owner’s liipkt. 

; In the short enumeration of the characteristics of property 
^ was noted that sometimes, though there was an owner to 

I • This lias nothing to do with the departniettlal official seal hy a toront 
dcipartment or go»eminent secretariat, etc. The “ State” or “the government’* 
fe owner of forests and sotorth, is not exactly a corporation—but it is analogous, 
^t^property is dways provided to be managed and held by someone—f.<;. the 
Stote.lor India in Cponcib bx the case of pabUe property in India. 



&i estate, whose right extended over the whole, within its*; 
'proper boundaries, there saight be third persons, having'| 
rights within the boundaries also. When this is the casei 
it is often popularly (but inaccurately) said that the owner- 
Bhip is limited. Oineriihii> in itself is an ultimate and 
indivisible right; if a iierson is owner at all, he is simply 
nwner, he cannot Ire something more or less, so long as he 
telaiffls the legal title at all. But around the right of owner-.. 
Vliip cluster also a numher of subsidiary rights and enjoyments, 
Some of which can be broken off, so to speak, and come into 
the hands of other persons. Hence, though the ownership 
remains, the enjoi/nmit of it may he either absolute and 
unfettered or may he limited. One obvious way in which 
such limitation arises, is by some contract--such as a lease, 
pledge, or mortgage, or loan of the estate; with that kind, 
however, the present work is not concerned. There is another 
class oH-ights of third jjarties wliich do not arise out of any 
lease or temporary contract, and their existence often causes a- 
very considerable limitation of a forest owner’s enjoyment and 
control of his property. 

4. Itnles if Protecting Forett Propertg. 

Before discussing the nature of these rights, some brief 
rules may he given, which apply to the protection of the, 
forest property or estate as such; to secure the area, general 
title, and legal position of the properly. 

(o) See that the forest is regularly and permanently 
demarcated, both as to its general outer boundaries and as 
to all inner boundaries—which mark the limits to which ; 
certain rights extend, or in which there are no rights other) 
than the owner’s. ^ 

((/) Provide convenient means of entrance to and exit front'l 
the forest and its various compartments. ‘. ^ 

(c) jExercise the rights of ownership in the forest, especially 
near its outer boundaries; let no one have an excuse foi| 
saying it could not be known that any one was in po8se8sion|| 
or was owner of the place. The mere fact of poete$noifi 
renders the assertion of ownership much stronger before tlti^ 
jMurts of law, in ca^ of disputed ownership. 
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Cirefully prevent damage to the estate, its roads,:’; 
fences, works, etc., especially if caused by the removal of 
forest produce. 

(f) Carefully watch against encroachments, and all kinds 
of forest offences, injury to boundary pillars and other marks. 

(f) When any licences or concessions are allowed, see that 
this is always done by written or printed permission so worded 
as to make it clear that no right of a prescriptive character 
can arise. 

ig) Exercise any rights the forest estate may possess over 
other estates, and all claims to labour, or payments, all rights 
of receiving help in case of forest fire or other calamity, or 
receiving information (which may be imposed by the forest or 
other law). 

. Skciion II.— Gbnbbal Accoii.vt of FonKST Kiouts ob 
Servitudes. 

1. Natim; and Oriiiiii oj Finvst lUijhh. 

As already stated, it freiiuently happens that gn-mm 
(sometimes individuals, sometimes hya! persons or corpora-, 
tionsj possess rights over a forest (or other) pro|ierty which? 
belongs to someoiie^lse. These are permanent rights, which 
have nothing to do with a contract, or temporary lease, morf, 
gage, etc. In that case the forest or other estate over which the 
limited right exists is called the snrieiif, estate-it is burdened 
with the right. These rights are called by various names,: 
The Homan lawyers called them Miritndrs (bei^aiise the 
burdened proiterty was made to serve the purpose of the 
holder of the right). In English some were called easements 
(i.e. one kind of them were so, of which presently), others 
nghts-of-eommnii. In India, the Legislature (abandoning this 
distinction) has called them all “ easements.”* Such rights, 
depend partly on grants, or some form of written titl^', 

• Origin of forest rights .—In CJeromny tliese rights ofU‘U arose out- of the old ^ 
igncahuralctiinniunities whosic territory or Mark had a portum or Ixirderlandof 
nraste and forestwidch (in soiue sense, at any rate) belonged to the 

tiie time of ChitAemogne these border-fonjats were appropriated by the 
tmpufi or by powerful landownepd and town corporations, and the original owner* 
itianmt mere debtcholders. Waste lands attached to Tiilaires in India have 



rnaps a judgment of some Court, and partly on 
;; called prescrijition. By this latter term we mean, that’ 
though the exact origin is not known, yet as a matter of 
;'fact the right has been exercised for a long time—the term; 
*of years (usually 20 or 80) is fixed by the law of each countrjr 
—and also has been exercised openly (not by fraud and' 
unknown to the owner), peaceahly (not by violence), and as of 


right (not by mere leave or sufferance, acknowledging that 
the owner could put a stop to the practice). When these 
conditions concur, there is a full legal right by prescription. 
It is also possible the rights may be regarded as (in a way) 
prescriptive, by reason of their being admittedly matters of' 
ancient local custom or on other equitable grounds, even when’ 
the precise terms of a legal prescription, as above stated, are 
not established. 


i 2. Bights or Servitudes classified into Kinds. 

The lawyers in various countries have classified these rights 
in different ways in consequence of particular legal distinc- 
Wons. For examjilc, such rights are said to be ueyative 
when the estate which bears the right is merely under 
the continuous obligation not to do something— i.e. not to dig 
)a hole so as to endanger the right-holder's foundations, not to 
stop the How of water, etc.; and positive', when it is obliged 
to allow’ the right-holder to do or tahe something, as to drive hia 
cattle across a field, take wood, or drive-in pigs to feed on 
acorns, etc. Eights are also said to be continuous or dis-ii, 
continuous (intermittent); the former in their nature are 
continually in operation at every moment (as a right to light; 
and air by ancient windows*); the latter are used from time: 

Hometliiiig of the Riurie history; but under the effects of the land scttlcinentB' 
^'wch areas have mostly been freely given over to the viliages. In the Qaro Hills') 
IXAssam), where tribil settlements in the anetent mrxiel still can be observed, ft, 
; is only within the last 10 years that lighting has ceased when one village group) 
'trieil to encroach on to border-forest of the next. Forest rights also arose b^ti 
i^agt of the baron or &i; and still more grow up by local custom, and long useij; 
"ipoightonrs, partly becaus ejai^iit odes of agriculture then known sngges^-i 
fcmsing, jiannage, etc., as pt desirable, and wootl fuel was requital 
I coal was obtainable, ltd Imes, loo, forests were abundant in ooin(| 

5n with the number of thej Ion : and no onscared to interfere withl 

t^ple habitually taking what w_ oundant aad-had so little value. 

” * Ajud in general all negaiirs servitudes are nhcessarily eettinmst. 
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SrSther at fixed intervals (c.flf. a right to have 10 beams 
c repairs once every 6 years), or on occasion (as to cut 
ushwood for fuel when wanted). This latter featuie (dia- 
ptinuity) may give rise to a further question, which will be 

diced presently. . i „ 

On the subject of classification of rights of user, oiil> two 
(ints have a practical bearing on protection. One concerns 
le nature of the right, the other concerns the nature oj the 

aht-hoMer. . , . 

As regards the nature of tlio right, there is an obvious 
stinction between rights which (whether negalivn or 
Dsitive) imply only some use-, of the servient estato (as 
alking over it, letting water flow across it, having the 
inport of soil for foundations, having a beam resting on a 
lervient) neighbouring wall, etc..-in all which ca«*.s nothing 
1 taken out of or from the servient estate ; and those rights 
rhich do take something ; c.;/. rights of pasture, wood rights, 
ights to dig sand, litter, etc.). [It is the former only that the 
Unalish lawyers call easementH ; the latter are nghU-oJ-eomnum, 
r profits a prendre in older books.] And then as to the 
older'of the right: this may be a person A. B. and his heirs ; 
t is always understood that the person cannot <dn Hate he 
ight or servitude. Such rights are said to bo penonal nghte, 
ir as English lawyers say, righte in groes. But very often the 
•ight is held not by a person (natural or artificial) a» bu 
)y a certain house, farm, or other building or estate ; so that 
jie right is exercised by the person who happens to be the 
wider of the estate or farm, etc., for the time being. Shou r 
the present holder go away and sell the farm, etc., he wouk 
sease to have any right; but the right must pass with tin 
farm by sale. Eights of this kind are called red nghte (rea 
in a technical sense), and the estate, house, farm, etc., ti 
fehich they are attached is called the dominant estato, just a 
lie estate which hears the right is called the servient estato. 
r Different systems of law have different ideas regardmi 
^eee rights. For instance, in France and Germany tores 
ights (to pasture, jspod, etc.) are always real rights-tUy ar 
^ays attached to some farm, building, etc., for the benefi 

fetich the riahtexistsv . But thi« is npt iyways the case ii 



Britain or in India (except in some few cases which in tfcerr' 
nature imply some (dominant) house or building or land to 
which the right is attached); it is quite possible for an 
Undividual to have a prescriptive right as such individual.* 
It is not necessary then to pprsue this classification farther, 
except to be sure that when a right k so attached, the record 
of it makes it quite clear exactly where, what and of what 
fextent, is the house, farm, or estate, which is the dominant or 
right-holding property. 

It need only be mentioned that -personal rights may be 
granted or become prescriptive to a person and his heirs for 
ever, or may bo (granted) for life or lives only. 

3. Forest Hpihls which are fhide/ined. 

Tieturning for one moment to the prcscriptire. origin oi 
rights, one very important matter has to be noticed. Such 
rights are nearly always vudejined or indefinite —indeed, it 
Is possible that some rights by the terms of a grant are alsc 
left undefined; but most commonly it is prcscriptire rightr 
that are so. 

The custom is that the right-holder may graze “ his cattle ’ 
in forest A. (how many and of what kind, and at what seasor 
is not stated); or that he may have power to build and repaii 
“ his house ” ; or he has “common of estovers”—a right tc 
fuel—but of what kind (brushwood or billets) and for whai 
purposes, does not expressly appear. 

In all systems of law there are rules for determining hov. 
such ^mdctin(d rights can either be brought formally to recort 
in a definite shape (e.g. the Indian Forest Act),t or at leas 

V • A brief role may be uwful as to rUlaffe right* in India : it cannoti be said 

can only be true in particular cases, that a nlUige is in any sense a cor()orB 
tion« or tliat it, regarded ^ n single (artiticial) |»ei's(>n, can hold rights o 
user or common ; nor can it in gencml Ikj regarded as a single dominant estnt 
fPossessing rights. If (though not warranted by the Indian forest law) a right i 
set down in a public record os existing in favour of “village ti.”—this mer^ 
jjneans that all inhabitants ((>i-|ierhap8only all lantlholdcrs) of village C., for th 
being, can exercise the right iji question. 

Ik t In all fully-constituted State forests in India, the law if-juires every ri^ 
Claimed to be brought bcfor$%'|^bUo officer apjxiiuted for that purpose and. nc 
;'only recof^, but suule as dei^ite in number, extent, kind, etc,, as circumstai^ 
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lare pbvisions for fixing the number of cattle, quantity' 
S)f timber or firewood, etc., to be claimed under the right, 
f. These principles are detailed in law manuals.* No system of 
j-law allows such a thing as an unlimited right—for that might 
' swallow up the entire ownership—a thing contrary to the 
;VVery nature of a right of this kind which, it should be always > 
remembered, is a permanent right (not ari.sing out of 
’contract) of one person or estate, which exists over the 
property of another person, to have some use, or take some 
part of the produce of the other property. 

It is true that sometimes a nnmher of separate rights may 
exist, the aggregate demands of which form a serious burden 
on the forest projierty; but there is no infringement of the 
principle. It is also to be moiitionod in passing, that 
sometimes there is a kind of right over property of a 
B{)eeial nature, called the vmj'rnd, which implies that the ' 
whole of the normal produce and the general enjoyment of 
the property passes for life to the usufru(!luary; hut oven 
then, the holder of such a right is not owner, nor can he do, 
anything that alters or injures the property in its substance, 
or affects the ownership rightt —a fortiori, therefore, a mere 
holder of a right-of-cornmon is bound to respect the estate 
on which his right subsists, and treat it cirilikr et modeite' 
according to Homan Law, or en hnn piire de famille, in 
French Law, and cannot demand an untimited, or abusive, 
enjoyment of it. | 

' 4. How Forest Rights mug Terminate. i 

' As we have considered how such rights may grow up, so ajj 
; few words will be appropriate as to how they came to an end.* 

‘" • Kor instauce, in Pauckulinann’s “ Abifwung ami Itegoliiug/’ 3 volft., Berlin,Tr 
yl880. Badeu-I’owell, “ Forest Law,” 'ii 

r' 't The usufruct is always for life (ace Broillarti, “]<e Traitemont. tics Hols 
f.riFraiice." Paris: Berger, LcvraultetCic.—i.<f. 1894. pp. f)27--(jr)-l). If UJC^e^8l|^) 
I' prescribed VHn'Jiing^plan the uwifructuary miwl carry it out and only take sucl^/ 
^ produce as comes within its directions, and he must carry out all works, such gHt'v 
|(p,ew planting, sowing, keqiing forest works and roads in order. Such a usufruct -j 
^efrisea in the case of entadwl forests, or those comprised in a family seftleraent; I 
it may be that jwirt of the globe lands in a rectory in wijich the parwut ba4 ■: 

life-interest, ft stocky with trees, and may come under this head. By Knglisbvj 
I'Jjnr, a rector may cut underwood on bis glebe laml in acfwdance with tlie U8«als5 
but nuiy fdl timb^ trees only wl^cn they ar^ mature.. 



: as where Che domiriahf’eSiii^ 
pi;ppears {e.g. river diluvion), or where the personal right-holder 
pies without heirs. 

{h) It may be that the forest is unable to satisfy the require- 
of the right; here the right must remain in abeyance, 
jiill the forest has recovered from the calamity which caused 
|the inability. Where the rights are penuanently in excess of 
',^he yield-power of a normal forest, then the law' usually provides 
(express terms for dealing with the difficulty.* 
f.( (c) When the right-holder becomes (by will, purchase, etc.) 
mwner of the servient estate, or where the dominant estate 
is acquired by the servient estate, the lesser right merges into 
- the greater. 

;; (d) Where the right-holder siihmitg to an inUrrujitiori, or 
iacquiesoes in an act on the part of the servient owner who pre- 
events the exercise (of course having notice of the interruption), 

! the right will bo lost if no action is taken for one ymrA i lt 
iitnay be that the right-holder himself discontinues or intermits 
ijthe exercise of his right. In England, it is a question of fact 
tier the jury, wlielher the discontinuance was long enough or 
ihnder such circumstances, as to give rise to a conclusion that 
|<the right was abandone'd. In India, the matter has been settled 
■hy legislation (,\ct XV. of 1877, sect, 26 Exp.). Two years’ 
tintermissiou (under thb conditions stated in the Act) will cause 
'tte right to terminate. 

S, Of course in all cases, as a right can be gained by prescription 
fo it can be lost by complete non-user for the whole legal period, 
B prescription. 

(c) Lastly, the right may terminate when, either by friendly 
^reement, or (if the law prescribes) by compulsory process, 
pe right is cumvuited or bought-out on paying compensation.f: 


See Baiien-Ptiwell, “ Forest l^aw,” pj). 293,3G9,378. 

^iT.For England, see 2 & 3 Will. 4, c. 71. The Indian law is similar: see 
26, Act, 5V. of 1877. 

^ Eiplninefl in Danckclmami’s Die Ablosung and Begelang der Waldgrund* • 
jjftrcchtigkciten." Oooke’s “ Wingrove on F4ncio8are9," 1864 (referring to the. 
K^titadioous and complicated Ecn:l 0 i>nrc Acts). Baden-Powell, Forest 
SST—tlSS (where an abstract of the German law is giren). Meanme, “ Usage ^ 
Forertier ” (reprinted from the " Repertoire de Nancy, 1861). ;; 
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Priietuial Prineipki of Law ngarMng Fomt Rights. : 

The following short statement of legal principles, ell of 
I' which are based on broad rules recognised in all systems of 
leivilised law, will be found useful. 4 ||j 
I (a) There can be no such thing as a right to (Ifslmii the 
[•estate or do wanton miscliief (r.j/. burn a forest). 

S (b) The right-holder is in no sense a part-owner of tlie 
,;,forest. When a part of the forest is separated and given over 
to him, such a proceeding is at the option of the owner, - as a 
. means of compensating for and getting rid of the right. 

(f) The riglit is always a limitfd one; it can be e.'iorcisad so 
;,only if while fully and fairly enjoyed it does not attack Ihe 
' mhrtancf of the forest: it can never e.xceed the, normal regular 
yield of tfio forest nor its capacity to bear the right without 
: deterioration in the case of gracing, soil-litter, etc. etc. 

(il) When a right is undefined in its character, and has not 
' beeu'reduCbd to definite terms, it is always understood to 1 k) 

' limited to the ocfaa/ ih'ci'Ih of the jierson, or the dominant estate 
(as the case may be), in his or its normal condition as it was 
when the right originated. II a peasant lias a rigid to wood 
for “ building his bou.se,” it moans sucli a Imuso as is 
usual in the locality, not a targe villa or whole range of farm- 
buildings.* 

(c) The right must be exercised so as to iiiterfore as little as, 
/possible with the regular management proper to forests of the i 
I'porraally existing class or kind; it cannot prevent the restora-, 
!||ion of an ill-used forest, or the jiroper planting operations and ' 
^production of young growth. ^ • j 

I; '(/) On the other liand, the forest owner" cannot claim to I 
falter the character of the. forest, or its general destination < 
po as to affect rights; and where one mode of proper work- ] 
|ing would provide for the rights while another would not, ^ 
wbe owner must make his working-plan so as to provide for j 
Me rights.t ••) 

See Baden-Powell, “ Foi-est Law," p. 2IM» Jf, H28, ‘ 

t See “ Forf«t LflwV' p. 21M J". In Kiigtand we ban* a recent cxainpU: w hicb | 
iustratea the nle that a forest owner cannot alter the oiitir(‘ (iestinatioii and 
letcroC bis estate 4«>theprejudiceuf righl-boldcra; and at the same time 
i iw imtance of forest rights being beneficial {from a forest point of view^. la | 



3. The Disadvantages Arising from Torest Servitudes,,. 

_ The chief disadvantages to forests, from the existence oi 
khts-of-common are:— 

Limitation of the owner’s power of njanaging the forest 
'& the best possible manner, or of converting it, and so forth. 
'An insuperable obstacle to systematic management in English 
ivoodlanda subject to righta-of-coniinon, is, that they cannot 
be enclosed, or fenced. Such woodlands pay no rates, and 
thus, the general public has to pay for the privileges of the 
right-holders, often a few neighbouring land-owners, who 
obtain a higher rental, than they would otherwise, from 
the farmers, or cottagers, who exercise the rights. 

Borne seiVitudes affect the control more than others, and it 
is noteworthy, that it is generally not any wie right that is 
objectionable; the difficulty arises from the nggrcgafe demand 
for a number of right-holders, both as to the quantity of pro¬ 
duce, area of grazing, etc., which they require* and also 
the mmiber of persons introduced, to graze flocks, gather 
wood, etc. 

^ (i) Even rights-of-way and other rights which take nothing 
from the forest, give occasion to accidental trespass, to forest 
fires, and j)erhap8 to wilful offences. 

(c) The forest owner is tempted to be less careful of 
his forest, and is deterred from expending capital on its 
improvement. 

_ {(I) Both the lalmir and cost of protection are considerably 
increased when forest rights are numerous. 

WaeufOTMd when theisrdsuf thu niaiioi* wished to euclose the forest areas 
lOclnded in their iiiniiors, and hail even iiroceedcd so far os to clear a thousand 
lores of forest and subdivide it into building allotments. They claimed the- 
sower to irarelmsc the right of lopjjing from the right-holders within their own' 
aanore. The right-holdcra, on Ibeother baud, claimed that their right extended 
^oyer the whole forest, and not over any particular manor, and this view of the 
eventually accepted by the High Court of Justice after a protracted 
.Jbdictal inquiry. Thus it was decided that the lords of the manors could not 
free their respective manors from the rights without satisfying all the righW* 
,^lder^ in whatever maior they might reside. This decision saved Epping' 
Jo^ from being converted into building-sites, and the City of London ev^! 

»tid lopping rights imtho forest, the latter for ’ 
jSLOOO, and now only rights of paatijre and nanuage aiq exercised by the:^ 




so are the risbs of offences, and forest fires. ;> 
F if) Control of the right-holders involves much otherwise 
; unnecessary work both in the office and forest. 

(g) The revenue from a forest is reduced, not only hy loss 
of produce, but also by degradation of the soil owing to 
pasture or removal of litter. 

(h) Disputes arise, and risk of litigation, and of ill-feeling 
culihinatiug in revengeful attempts to burn or otherwise 
injure the forest. Forest right-hoMers are also tempted to 
presume on their position and encroach on the rights of 
the owners.* 

Looking at the question from the broad point of view of 
political economy, forest servitudes encourage extravagance in 
the use of wood, and establish a backward style of agriculture,-; 
as regards the use of litter tor manure, loppings for fodder,; 
and forest grazing, which may in the end overtax the forest 
and result in serious forest destruction and ccmHeqiieut 
injuries to the country, from floods, landsliiw and other 
physical evils against which forests are a natural and often 
effective protection. 

The degree of danger incurred, irrespectively of the character 
of the servitude, depends on the conditions of the locality and 
the density of the standing crop. A completely stocked wood, 
on favourable site (as regards slope, exposure, etc.), and 
with a mild climate, suffers (proportionately) least of all. 


7. EqjiitaUe Principles in Dealintj icit/i Rights. 

Where forest laws exist, there is usually provision for the: 
record of all forest rights, and for the definition of those whiclr 

• In the New Norest, the pre8eut teuHcney is for coranniuei>.to cxag^mle theif: 
tights at the eipciisc of those of the Ci'owu; anti in 1894 they attempted to preveafc 
the Crownfrom erecting a saw-mill and exercising f»ther rights of f>wnerHhip in 
the forest. In the Forest of Dean, sinw IHoT, grazinghy sheep is largely pracl ised i 
Mid it remaiM to be seen whether the CommiBsioners of WciOfls and Foicsts aft 
able to ^op this practice, which is fast ruining the Forest of Itean, for 
Stories the most productive oalt forest in Itritain. Sheep are not 
eommoii by English law (see “ Williaico on Eights of Cfimmon,” 1880, p. 232)| 
Md 1)0 prescriptive right to sheep-graring can arise in England; the (question 
whether local feeling in favour of the commoners wiU be allowed to overri^ 
^^ADtional iateDMt In tbis matter. ^ 



^Ijlaira^' in indefinite terfiis. It is hardly necestofy ^ 
remark, that every claim must be proved: the natural pre-'j 
mmption is that the owner’s enjoyment is not limited—it is 
!pr the person who asserts a light to any use or produce, 
limiting the enjoyment, to prove it. 

|.’;The forest estate should always possess the means of 
referring to documents conferring rights, and if there is a 
ierious doubt about terms, the sooner a judicial decision is 
jbtained the better. Nolhing is gained by “letting sleep¬ 
ing dogs lie’’—for in this case uncertain rights are not 

sleeping ’’; they always lend to grow more difficult to 
settle, and are ultimately fixed in a form that perhaps was 
lever contemplated. 

It may he confidently staled that where indefiuik rights 
sxist all rational management is impossible until they are 
iroperly defined. 

■ The forest owner has, in general, a right to share, in the 
jroduce of the forest, along with the right-holders.* 

Attention should be paid (p. (54) to the legal principles 
^ted, especially as regards the limitation of undefined rights 
iO the actual needs of the person or dominant estate, and to 
;here being no right {in general) to a surplus which may be 
iold or turned to an extra profit. Also to the limit that cannot 
he exceeded, when the yield-power ipossibilite) of the forest is 
hi question. 

■^On the other hand it must be borne in mind that while the' 
kirest right-holder has his obligations and must submit to 
^ose reasonable restrictions which are necessitated by proper 


gmservative management, the forest owner has a duty on his 
|il8. He cannot adopt special metliods of management (how-: 
Sjlisr desirable in themselves) that would destroy the rights^ 
|ad the working-plans should.be prepared with the express' 
^ject of providing for such rights as exist, and which * 
l^gpecially in certain localities) are almost indispensubU to the 
|Wfare of the present population.! 

tlNew rights ought never to be allowed (by neglect, etc.) to' 


I* See Beden-l’ewcll, “Forest Law," p. 397. 

See “Forest Law,” p.29i/, where the correlative risui.<u>uaani»o(, toe ,.1 


liit-bolder and {west-hoider.are discnsied.,, 
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fer^ts even when there is no forest law which' 
ssly forbids such growtlis. Nor can the State or other 


I'owner grant imc forest rights to the prejudice of old and , 
Resisting ones. 

V ’■ 

8. Protectire Measures. 

From the point of view of the forest owner, the following 
• 'measures are desirable;— 

; (a) Clear demarcation of the portions of the forest burdened . 

with rights, and those free from them or closed against' 
them; and maintenance of distinct boundary lines; also 
indication by ditches or sign-posts, etc., of lines of riglit-of- 
way for cattle, etc. ■ 

(i) Careful record of rights-of-way, etc., use of water, as-i 
: well as those to produce. Where there is a forest law, it ja, ’ 
probably provided how this is to be done. Besides which all, 
working-plans of the forest must contain a schedule of the 
rights showing:— 

(i) Title-deed, or other origin of the right. i 

(ii) Exact description of personal holder or dominant estate; 

and the exact name, etc., of the servient estate or part of it. 
affected. > 

, (iii) The extent of the right, kind, number, quantity, quality,, 
-iSeason of exercise, etc., etc. ( 

(iv) The mode and conditions of exercise, and whether any ^ 
I particular duty is laid on either side {«.,q. providing a compe-,; 
intent herdsman for the cattle, providing cattle-bells, or the; i 
^•forest-owner maintaining culverts, etc., for a roadway). ^ 

(v) Any payments, or returns in labour, due to the forest-' 

jtewner for the exercise of the right. ? 

(vi) A notice of any obscure or disputed points. 

P (c) Careful watching of the exercise of forest rights by the! 
P^et guards and inspecting officers. But the caution already S 
piven about irritating and vexatious interference should 
^me in mind. 'i; 

P It is only necessary to add that where the rights are such;’* 
l&at the forest is seriously threatened, then-efforts must be^ 
pnade to get rid of* them by commutation or cantonment. ThaJ 
ligh.te ehould either be purchased from the right-holdm:|| 
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mmutation), or a portion of tlie forest set apart jn prpftiii^ 
1 a common for their exercise and handed over as property to',: 
le body of riglit-holders (cantonment), and the remainder of 
le forest declared free of all rights. Such commutation, or, 
intonment of rights in a State-forest require the sanction of 
a Act of the Legislature. 


Section III.— Special Account op the sevebal Fobest 

lijOHTS. 

This section is concerned with some rules applicable to each 
articular kind of right, for which purpose the following list 
f “ forest-rights ” is given 


1. Woud-Iiii/htg. 

(a.) Building-limber. 

(i.) Wood for industrial purposes and agricultural implements, 
(c.) Firewood. 

(d.) Softwoods. 

(e.) Dead, or fallen wood. 

(/.) Lop and top. 

(d.) Stumps and roots. 

(h.) Windfalls and broken trees. 

(i.) Dead standing trees. 


2. Hii/lits to Minor Produce. 

{(t.) Bark. 

(b.) Turpentine and tar. 

(c.) Leaf-fodder. 

(d.) Grass (cutting or gathering). 

(e.) Pasture. 

(/.) Collecting acorns and beeth-mast. 

(g.) Pannage. 

(k.) Litter. 

(i.) Quarrying or digging pits for sand, gravel, turf, etc. 
(j.) (jathering berries, wild fruit, hazel-nuts, ftingi, etc. 
^k.) Shootji^ and ishing. 
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'9. Sundry Rights {Eatemnh). 

■ (a.) Bights-of-way. 

■ (6.) Eights to water, water-channels, use of springs or wells, 

to water cattle at streams, etc. 

(c.) Bights to float timber. 

(d.) Eight to burn charcoal, to stack wood, etc. 

1. Wuod-Rijihts. 

Under the above term is understood either a right to claini; 
from a forest a certain fixed (jiiantity of wood, or as much as, 
may be necessary for certain pui'iwses. Such rights may, or' 
may not, he subject to certain payments to tlie owner of the 
forest. It is generally stated what kind of wood is the subject: 
of the right, thus, it may be building-timber, timber for, 
implements, or firewood. Sometimes the title-deed merely 
mentions “necessary wood," under which term iirewood is 
generally understood. The forest manager has the right of ’ 
delivering the wood, and certain days may be fixed for its, 
removal. ' 

A defined right to wood is fixed as regards (piantity and ; 
form, and sometimes as regards species. j 

When the species is not mentioned, the right-holder innsf- 
be satisfied with wood of the prevailing species, provided it is’! 
suitable for the purpose required. 

An undefined right to wood is limited to the requirements of' 
the right-holderpr the domina nt estate; for instance, the actual: 
bouse of the right-holder, not his sheds and farm-buildingf 
[unless those are equitably included). 

The owner of the burdened forest must manage it so tbakl 
die wood which is the subject of the right may continue to be’ 
produced. For instance, where there is a right to building-'^ 
limber, the forest cannot be converted to coppice. . 

The right-holder may not sell his wood, but must use it foj| 
ihe purpose for which it has been granted to him. 

a. BvMing-Titnbtr. 

The supply of Wlding timber to right-holders should be 
airly proportional to the number and size of the building! 



eiiBted at the time of the acquisition of the right Ofteii 
we right applies only to wocsd for the exterior of the hous^ 
(mt may include wood for wainscots, windows and doors. ,j; 
I When repairs to a building become necessary, a regolai 
fetimate of the- requisite amount of timber should be drawi 
Bp ; and the wood must be used within a fixed iwriod. Whei 
k new house is being built, all still serviceable wood from'the 
pH house must be deducted from the estimate. It is usua] 
ior the right-holder to pay the cost of extraction of the wood 
even though he pays nothing for the wood itself. In th< 
Himalayan forests, right-holders usually fell the trees anc 
convert the timlier for themselves; in some cases the right 
holder is allotted annually a certain number of trees for house- 
repairs or building; in other cases the right-holder is put dowr 
as being entitled to what is needed on application, for the par¬ 
ticular work. Account has here to be taken of the ignoranct 
of the people, and their ancient but wasteful habit of preparing 
beams with the axe or adze—chipping away a whole stem foi 
one beam. By loan of saws, and by issuing suitable teams 
Steady prepared, it may be possible to overcome this defect 
which leiids of course to much waste of material, 
l' The work of 'the forest staff is considerably burdened bi 
Hghts to building-timber, as the correltness of the estimatei 
has to be tested, and the amount of wood granted to be enterer 
special registers. It is clearly the duty of forest officeri 
.who manage large areas of State or municipal forests subjec 
Jto rights for building-timber, to know thorougMy the oustoman 
iforms of building of the locality and the proper dimensions o 
ItPams and other timbers used in the construction of houses 
par they may be called upon to grant much larger quantities o 
■‘’Tiber than is necessary in particular cases. 

, b. Wood for Musirial Purposes. 

This right (as claimed) may be defined, or not, in its natnn 
^ extent. In general, it comprises timber required fo: 
^nary agricultural and domestic objects, such as wood tb 
ploughs, hop-poles, vine-props, etc. Wherever the righ 
undefined, the quantity should be fixed, so as to corresponi 
the amount required at the tipe of piqi^itjon of t^ 



'■extent of hop-garden, vineyard, etc. This rignc, ii inaenmte 
^interferes greatly with the development of the revenue of« 
forest. 

■ c. Fiimml. 

? Eights to firewood (as claimed) may he either defined oi 
' indefinite, and in the latter case the amount granted would b< 
.only what is required for the household of the right-holder 
including such ordinary household requirements as heating 
cooking, washing, baking, drying fruit, etc. Eequiremont fo) 
industrial purposes such as di.stilling, etc., is not included. 
As a rule, the wood is prepared by order of the owner of the 
forest, and must be taken from all classes of firewood in due 
proportion, split and round wood, dead wood, stump-wood 
and faggots. Occasionally tbe riglit-holder is iiermitted to 
cut and remove the wood, especially where it is brushwood or 
small coppice stuff. 

In case a forest burdened with iSiis right should be damaged 
by Borao calamity (storm, insects, etc.), wliicli causes an 
excessive yield in any particular year, tlien several years' supidy 
of firewood may be granted to the riglit-holder, in advance, 
but the latter cannot claim this as a right. 

(1. Soflirooilt. 

Where the right is to “ softwoods,” termed in France lm$ 
hhiHCt, in Germany, Wcichhoh, the question is to decide on 
the meaning of tiw term. It may be interpreted as including 
inferior sdftwoo? species which are not the. object of the 
‘management of the^forest, and therefore only appear in trifiing 
^guantity, and can never get the upper hand under a proper 
, treatment. The following species are generally included under 
tois head:—Aspen and other poplars, the sallow and other 
jisillows, limes, hazel, thorns and other shrubs, sometimes 
^Iso alder and birch, even Scots jiine: mostly trees which 
||^ng up amongst young growth, and are removed in the 

■ ’ e. Fallm I'ead Wood. 

t All dead branches and twigs lying on the ground, and 
from fellings which the owner does not require, are 



I^neraliy included under this heading. In some cases aia 
included dead branches, which can be broken off by hahc 
|rOm standing trees. In many forests, dead standing st^i 
to a certain girth are also included, and stump-wood? ai 
'Tfell. The meaning of the term fallen dead wood must there 
lore be decided locally, but it is rarely taken to include saleabb 
■fallen timber. This distinction is thoroughly recognised ii 
North-Western India. Cutting tools must generally be pro 
hibited, but a wooden rake may be allowed for collecting thi 
fallen dead wood on the ground. If there is only a sma! 
quantity of dead wood available in a forest, the right-holde 
ijannot claim other wood to make up a full supply. The sal 
of such wood is not usually permissible, as the servitude i 
for nonsehold requirements. 

. Within properly regulated limits this usage is only slight! 
.hurtful to a forest, though all dead wood eventually become 
humus. 

/. Lop mil Top. 

This right is generally to the crown of a felled tree from th 
(dace where the stem is cut off by the woodman, at a certai 
fired girth, and to the lower branches lopped off the sten 
The right-holder cannot take possession of the wood unt 
the stem has been severed from the crown. The only seriou 
disadvantage caused by this right to the owner is that h 
cannot well manage his forest as Coppice, or Coppice-witt 
Standards, as the greater part of hie produce would then g 
to the right-holder. . 

If, however,'the right-holder has the ifeht of lopping tb 
jrown from standing trees, great injury will accrue to tb 
Eorest. In such a case the right must not be exercised durin 
the growing season, and only in compartments where the tre( 
Ke ripe for the axe, and at a certain height fjttm the groum 
^ jmrticular form of this servitude is the i^ht existing i 
slbtain forests to lop birch-trees for brooms. 

y. Stumpo and IMt. 

I This right is admissible only in High F^fest, and the owm 
isannol then convert his forest into Coppice, or Coppiee-witl 
Standards. 



SIGHTS., 


Unless it is distinctly laid down to the contrary, the owne 

P fell his trees as low as he likes. The right must b 
pended wherever its exercise would damage the forest, a 
instance in regeneration-fellings well stocked with yoiin 
jSeedlings, on steep slopes where landslips or erosion are to fa 
feared, or on shifting sands. Sometimes the right-holder i 
pnder the obligation to fill up the holes made in extraclin 
the stamps, and to'sow or plant-up the ground. The rigfa 
may also be limited to certain months, days, or hours. 


h. WmlfaVs md ISrohn Tms. 

The right may be to all or merely to certain calegoriei 
of this material, wood broken by wind, by snow, or rime. 
Trees which are bent down, but may recover themselves 
are not included, nor are portions of trees still rootec 
in the ground. The right can extend only to single treei 
broken here and there, not to whole woods broken down ant 
uprooted, as occasionally happens by an exceptional storm oi 
calamity which is not in the contemjilatioa (naturally) oithei 
of custom or a grant. The right-holders may use implomentf 
to convert the timber. This servitude is not of sylviculturai 
importance. 

•». Dad Slanding Trm. ' 

’ Poles and trees which have died naturally are included in 
this class, and care must be taken to exclude all those which 
may have been killed intentionally by damage, girdling, etc. 
This usage gives rise to trouble between the right-holder and 
^ owner, as the latter will endeavour to remove dying trees 
l^fore they are actually dead, and the former to claim trees 
pt yet quite dead. To prevent such contentions it is better 
|a fix deMtely the period at which thinnings of "dead wood 
to be commenced. 

in the fwtoer when a large extent of wood is killed 
^injuries from storms, etc., the produce is not the property 
Hip jnght-boldeb.. 



2. RigliU to Minot Produce 
a. Boric. 

In Europe this right is generally restricted to the bark o! 
irees yielding tannin, such as oak, spruce, larch and birch. 

The bark can be claimed by the right-holders only from 
filled trees in regular fellings. The right may be either by_ 
quantity or by number of trees, or commensurate with the 
requirements of the right-holder. The owner must fell during 
the growing season when the bark can be easily removed. 

Lime-hark, or Imt, for cordage and matting is sometimes 1 
subject of a right, and then similar rules must be follow 
In India, bark of Betuh BlwjiMtra is used for makinl 
umbrellas and paper, and the bark of mdny species of trqjg 
for ropes and cords; all these may be subject to rights. 

b. Tterpmline, 

Rights to tap the spruce'or the Austrian pine for turpentine 
frequently exist. The number and size of the trees to he 
tapped, as well as of the cute to be made in each, maj[ be 
defined, or not. In any case the usage must be restric^d tc 
nearly mature woods, and there should be a close-time betweei 
successive tappings of the same tree, the season during whici 
the usage is permissible must also be fixed. . As turpentine ii 
usually an article of commerce, it may be in the nature of th( 
right that there'is no restriction to hous^old requirements 
lor as to the sale of the produce. 

This is a most hurtful servitude, as tapping for turpentine 
(specially in the case of the spruce, results in a loss of incre 
nent, and lessens the quantity of timber in the base of th 
tree, and also introduces spores of fungi and insects into th 
wood, causing disease. 

c. Leaves for Fodder, etc. 

This is the right to pluck leaves from trees, especially 
feeding cattle in stored and simple coppice ^ Implemenl 
may not be used, nor can twigs be brokw off. If the demati 
leaves t^nqt be supplied from the’regular fellings, ^ 



i' J'OEfiir RISHTS. 

irr’ - 

Wrtam compartments may be opened for plucking leaves,a 
far from the ground as the hands can reach, but only afte 
^te ummer. 

^ In various parts of India leaves of forest species are use 
ifor cattle-fodder, for thatching, for wrai)ping np goods at . 
market, as plates, for making umbrellas, cigarettes, etc., o 
for manure, and sometimes these customs may have becom 
prescriptive rights. In such cases protective rules similar b 
the above should be enforced. 

Where foliage and branches are lopped for litter or fodder 
as in the Himalayas and in other parts of India, whore, owini 
to the absence during winter of fodder-crops or uatiira 
herbage, leaf-fodder is wanted, and a prescriptive right hai 
been acquired, it is by custom limited to certain siwcies, ant 
certain protective measures can be adopted. Tlieso are:— 

(i) No lopping to take place till after the principal growth 
of the year is over. 

(ii) To restrict the usage, as much as po.ssible, to woodj 
climbers and species of little v.alue a.H timber-trees. 

(iii) To forbid the lopping of the loading abool,s of tbt 
trees, and to restrict the lopping of Bide-sboots till they bavt 
attained certain dimensions and only to a certain height up 
to the stem. 

(iv) To give the trees a* rest so that the same tree is nol 
lop))ed in two consecutive years. 

(v) Should the right apiply to more valuable limber trees it 
should bo restricted to compartments which will shortly bo cut 
>fiyer. The use of leafy twigs and branches of trees felled in 
Ithe ordinary course cannot harm the forest. 

v-i (vi) Where the demands for this kind of fodder or cattle- 
litter are large, and cannot othersvise be met, a regular system 
,pf pollarding should be introduced, with a€xed rotation giving 
jEhe trees time to recover between successive cuttings. Such 
^ system prevailed in Epinng Forest prior to 1878, when the 
tight was commuted. The loppings of hornbeam-pollards, 

which this forest is chiefly comitosed, were not, however, 
^sed for litter 6nly, Jiut also for making fences, hurdles, etc., 
^d then a rotation of ten years was fixed; in the former case, 
were loj^wd annually. 






rale's 


Western India is me ttsei 

Seraed rab, as manure in rice-fields. Here similar 
Istould be adopted as lohg as this practice is allowed^ _ ^4 
f (vii) In every case where leaf-fodder is used by right¬ 
-holders, the people should be induced, as far as possible, to 
cut and preserve hay or ensilage, or to grow root-crops for t e 
winter-fodder of their animals. Leaf-fodder from forests will 
always prove a valuable resource when other fodder fails, 
' as was the case in France and Germany during the drought 
of 1898. 


(i. Ornss for Fodder, Thatch, eU. 

Eights of cutting grass are also of very common occurrence 
under the coppice systems, and they should be limited according 
to locality, time, and mode of exercise, the limitations which 
prevail varying according to local law or custom. They can 
commence only at a certain age of the wood, and the close¬ 
time must be regulated according to species, and to specified 
days, when the forest guard can supervise the grass-cutting. 
Sometimes the grass must be plucked by hand, or sickles oi 
scythes may be used; the latter instrument is evidently not 
admissible amongst young plants.' If .properly regulated and 
supervised, this usage does little or no harm on moist fertih 
soil, and may even assist in fire-iamservancy by removing S 
great source of danger, and also prove useful during th< 
iproduction of the forest. It is also often usefully allowed 
8 a compromise for grazing when that cannot be allowed 
nd yet the stoppage is a hardship. 


e. Forml Pasture. 

This right allowJithe holder to graze his own cattle on flii 
yasses and other herbage springing up in a forest belOj^ 
Bg to some other person. The right cut grass is nd 
Deluded. The forest owner has the pow^hf closing certail 
ms in his forest, but cannot introducewi^nges of the essW 
if management which will prejudice ^ right.* 

The species and number'of grazin^ftists may 1 
S;.hot« i' K the spwies. ie junt wenUollRanimftla i 




which are highly detrimental to torei 
growth, must* be excluded, as in France they are by law, i 
laite of any right to the contrary. If the number of beasts 
limited, Bucklings are not counted in tlie total numbetadmith 
to graze. Should the number be undefined, as is generally tl 
ease, only so many head should be admitted into the forest i 
can be provided for^without serious injury to the forest 
Unless specially stated, cattle intended for trade cannot slia 
in this right. The right-holder must engage a herdsman 
look after his cattle and is responsible for his conduct. Tl 
beasts con enter and leave the forest by authorised paths onl 
The fencing of closed areas is not obligatory on the fore 
owner, although fences prevent much contention and forth 
his interests. The right of grazing his own cattle in his fore 
appertains, in every case, to the forest owner, unless tho coi 
trary is specially laid down; but he cannot graze lliein 
portions of the forest that are closed to the rigbt-holdot 
cattle. 

/. Arorm, lletch-Mcmt, and Fruils (jeiuntHi/. 

The kinds of fruits to be collected will ordinarily be specific 
in the deeds regarding tho right. The fallen fruit can 
picked up only in compartments opened to the right, and i 
fixed days; the right-holder is held responsible for all dama 
done to the standing-crop. I'lucking the fruits, and the u 
of iron rakes to collect it, are<orbidden, and the usage must 
limited to household requirements. Compartments, the fri 
i'df which is required for natural regeneration, can be clos 
iagainst this right, wliicb does notinclude the right ofpanua} 
it-. These rights do little or no damage to the forest. 


g. Pannage. 

This is the right to drive pigs into another person's fon 
j|o feed off the acorns and beech nuts, etc., lying on tlic groin 
liut the right of collecting the fruit by hand is not included. 
K('An estimate of the quantity of mast in any year on whi 


The iKMibilfty of pwhiUting yoirfj in India is dtecuseed in “Koteat La 
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IS to o u to the tuteii for .bung (be nu^iber. 



to be admitted into a forest ehonld bd basdS’ 
by an expert. The riglit-hol8er can only 
lriv#his own pigs into the forest, and the forest owner has an 
^nal right. The pigs should be withdrawn when most of the 
moms are eaten, or they will damage the forest. This servi¬ 
tude does little harm, but is becoming rare, in Europe, as stall- 
feeding of pigs is more profitable. Panijage is still practised 
in the Now Forest (tide p. 81). 

A. £it/er, 

'■ Litter to which right-holders are entitled may be defined or 
indefinite in amount, and may also be of special kinds ; dead 
leaves and moss, weeds, etc.—in short, the right to strip the 
surface of its covering down to the soil may be implied. 

An undefined right to litter means the right to take what is 
Bufiieient for the requirements of the right-holder, and in this 
amount, straw from his own. lands must be reckoned. Owing 
to the prejudicial nalure of this right on the fertility of the 
iferest, it must never be stretched so far os to include the 
whole of the litter a forest may contain. 

The necessary limilations as regards locality, time and 
manner of exercise of the right have been already given.* 
Sod-cutting should never be allowed, except from blanks, as 
where trees are standing, the roots would be exposed by this 
practice. The exceptional hurtfiflness of this right to the pro¬ 
ductiveness of a forest, and the possibility that it ma^ lead to 
its complete ruin, render it most essential that the forest , 
should be freed from it by purchase or otherwise. 

C Quam^g or Digging I'ilt for Sand, Gravel, Turf, eit. 

' Bights to stones, gravel, sand, turf, etc., in another’s forestj) 
an extend only to places where the standing-crop and roads 
fPB in no danger from the right. Places for reception of refuse 
tom the works, and export-roads must Ite designated. i| 
^‘Jhese rights, if properly regulated, can do no injury woriHs 
ginfeing, to the toreaU . 




itoar'RioHTs. 

/. CoUecHng Btmm, etc. 

V.The right ia unlimited.in amount, and cannot b 

limited, as the produce is generally collected for sale. Excop 
In the case of digging up truffles it is quite harmless to th 
forest, and need not he interfered with beyond fixing dates fo 
its commencement and termination in any year. 

Truffle-hunting, which is carried on with the help of i 
special breed of dogs resembling poodles, must be prohibiter 
on the site of fellings, or amongst young growth. 

k. Bmting awl Fishing. 

The right to kill game on another's property has boei 
abolished by law in (lermanyi There, this right is not boun( 
up with the ownership of the land, but is permitted only to at 
owner when his estate exceeds a certain area. It frequently 
happens, therefore, that the right of shooting on a number o 
small estates is leqsed in one lot, ond tho proceeds divided b; 
the owners. In England, tho Crown possessed rights to tlu 
game in certain manors, after it had jjarted with the olhe. 
manorial rights, or actual jiroperty of tho land, but tbesi 
rights have now been surrendered, ns in the lipping Forest 
Baden Powell* states that in India no [a'escrijrtive rights t( 
hunt in the State forests liave ever bee.n admitted; tbougl 
people have always killed game in tho forests, no right can hav( 
ordinarily become custniiiarg, for it is not necessary to tlu 
existence of agricultural villages, or communities, as is tlu 
case with grazing or wood rights. The question of hunting 
with rules for the protection of game during the breedinj 
season and when immature, is dealt with in different countri^ 
nnder special laws. 

Fishing rights t in forest stjearas may exist, and are deal 
with by special laws regarding fisheries. The.se have cliiefl; 
reference to close-times during the breeding season; and U 
protecting immature fish by fixing a minimum-sized inesl 
where nets are allowed; also to prohibiting tho j)oisoning o 
Streams, and other unsjiortsmanlike ways of catching fish. 

“ Forest La*w," pja 838,361. 

M S^latioM for the piotedtioo ol game and (»h in the State forcata ot I| 
bocal Gorerumente.al the^SWait Frorino^ 



fi. ’mnai-y mgnu {finteinaiftj.' 

a. R^hU-ffWayM 

. Eights-of-way if too mimerous in a forest may tend to 
aamper the management, especially by causing danger from 
ire, and increasing the cost of fire-protection. It is therefore 
iiportant to prevent new rights-of-way from arising by pre¬ 
scription, and where the law permits, to close altogether roads 
^r paths which may have gone out of use, or others for which 
^jfemore convenient substitute maybe found. These rights 
^ay be subdivided into rights to fmtpatkB, cart-roads {the righi 
’hf removing timber over the land of a third party), or drift-roadi 
'^for the passage of cattle),* the second category sometimes 
including the third. » 

■ In all these cases the question arises as to tlie legal breadth 
nf the way, and whenever this is uncertain, it should be deter- 
'inined with reference to tlie breadth of the way required by 
’■the circumstances of the case, and according to local custom 
The right of removing timber over anotner’s land can be 
:)(Bxercise(l only when the crops on that land would not be 
prejudiced by so doing, i.e. when the land is fallow, or wher 
irozen, during winter. The right-holder whose cattle past 
along a road to pasture, is responsible for any damage done 
to the forest growth beyond the limits of the road; and the 
owner of the forest, according to circumstances, may or may 
not be compelled to protect his forest by ditches, fences, oi 
hedges. 

h. Rights to Water. 

[ Eights to water generally refer to the s^vient estate 
receiving the drainage water for a dominant estate, or allowing 
j(not obslructi^) the flow of (useful) water from the servient te 
the dominant. Sometimes it ineludes allowing a canal-cut, oi 
&rigation channel being taken across the servient estate, ir 
which case the maintenance of the water-channel is th( 
business of the right-holder. Eights to use springs or welli 
^ anoUier person’s forest, or to water cattle at them, all o; 
ii^ofa involve rights-of-way through the forest tp the sourci 
ha water, are also included. 
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PART II. 

peotection agaiust asimals, 




PEOTECTION AGAINST ANIMALS. 


INTEODUCTOKY EEMAEKS. 

The i^uestion of tlie usefulness or huitfulness of wilil animals 
’ indigenous in Europe may be considered from a forest, sporting, 
or agricultural point of view. Under Forest I’rotection only 
the forest point of view will be considered, but even under this 
heading some difficulty will be experienced, for the following 
reasons*, 

1. A number of auimals aj'e at the same time both useful: 
and injurious to forests. 

2. The degree of utility or harm done by one and the same 

animal differs according to its age, to local eircumstanees 
(season of the year, condition of the woods, etc.), so thajl it 
is hardly possible to lay down definitely that certain animals ■ 
are absolutely injurious, or useful. Thus, the fox, though a 
great enemy to barn-door fowls and game, may be very useful, 
especially in a broadleaved forest, which suffers more than 
coniferous woods from rodents. Thrushes and blackbirds in 
spring and summer feed mainly on worms and insects, but in 
autumn chiefly on berries. The cuckoo and bats are always 
useful, while bark-beetles, theNun-moth and other' insects are 
'absolutely injurious to forests. . 

: 3. The utility of certain animals to forests may be direct,' 
■pr indirect. Thus the jay may be directly useful by carrying 

i;. • lotentional introduction ot exotic animals to combat insect itests have not 
^ijllwayR proved advaDt^^{eou8. Thun, European sparrows were iniroducetl into 

N.-E. States o! America in IS'rf) and 18fi7 to dertroy conker-wornut. The 
I'gparrowR are no# an unmitigated pest throughout N. America, while the cafikcr 
ivorm has been replaced by a worse insect, which the sparrows never touch, 
^oilarly the mongoose was introduced into Jamaica in 1872 todes^y the cane-! 

rat. This it did in ten years, but since then it has proved most deatnictive, 
^ ground-nesting Wrds, to insectivorous reptiles and batrachia, as well as to fruite 

T^ietables, sg that the mongoose does much more damage thau tberat. On - 
l^jOther band the Auttudian ladybird (^Vedalia cardiMlit) introduced into;,'/ 
in J889, has saved the cUm-growing iadostiy from tiie 



^Sfiftdi'flrbpping thM’in ihe 
laiimals and many birds and insecto are indirectly usefi 
to destroymg injurious mice or insects. '' 

p4. The injury done may also be direct or indirect; thfl’j 
former consisting in damage or destruction to forest produce,!:, 
^e latter in killing useful species. Most destructive kinds! 
of animals are either mammals or insects, while birds are 
graerally useful. 

6. The amount of damage done to the forest depends on ; 
the species causing it, the local conditions, the season, etc.,^ 
It is generally in inverse proportion to the size of the animal; 
the little bark-beetle, on account of its rapid increase and 
steady working, doing more damage to a forest than the large 
red-deer. The woodpdcker is a good instance of the difficulties 
of deciding as to the amount of harm or good done to a forest 
by a particular species. This bird is useful in destroying 
numerous insects living in wood, but it sometimes damages 
healthy trees by boring holes into them, while these holes 
m^ be useful if suhsecjuently occupied by bats or starlings, 
but injurious if occupied by stock-doves. 

Protective measures in the case of animals may be either 
preventive or remedial, and wilt be dealt with under the following 


Mammals and wild pigs. 
lEodents. 

Birds. 

Insects. 

As already stated, the present work can deal in detail only 
with European animals, but it may be mentioned, that in 
India, the Nilgai (Portaa pictus) and the common antelope 
plntilope beeoartka) do much damage in coppices and plan¬ 
tations adjoining agricultural land; whilst among birds, the 
pheasants and jungle-fowls do similar damage to that by grouse 
fo Europe* For a fuller account and especially of Indian forest 
[psects the reader is referred to “Indian Forest Zoology,”*' 
^ E. C. Cotes, also “ Injurious Insects in Indian ForestB.”A: 
l^ pther works by E. F. Stebbing. 



CHAPTEK i: 


JEOTECTION AQAINST DEEB AND WILD PIGS. 

Section L— Geneuae Account. 

1,5 Lift of Injmiom Species. 

fied-deer (Cerna elaphus, L.). 

Fallow-deer {Damns riihiaris, Prook), 

Eoe-deer {Cerriis raprcolm, L.). 

Wild pig (Has scivfa, L.). 

2. Dainmie Done;* 

The above-mimed animals injure Iho forest by eating th( 
ruit of trees, biting-oll' buds and young shoots, trampling 
lown seedingB, breaking-off leader.?, liending-down stems 
larking polos, exiiosing and gnawing roots. Further detaili 
egarding the damage will be given under the headings 0 
laeh species. 

The conseqti^ncea of the damage done consist in loss 0 : 
ncrement, stunted growth, diminution of timber as comparet 
rilh firewood, increased danger from insects, fungi, storms 
mow, etc. Hess considers it ailvisable to keep down thi 
leasts by the efforfs of the Forest Staff, and not to lease thi 
ihooting in forests, as this usually leads to inordinati 
mmbers of deer, etc., and to great injury of the growini 
Noods. 

3. Preventive Measures. 

The chief preventive measures are 
(a) Formation in High Forest of large, connected regenera 
^iMreas; small clearings in which game has not sufficieii 
Mnn> and strip-feliings near thickets or poles where the garni 
il^ii^lly remains, suffer most of all. For sylvicultural reaso^ 
htrge feUing'ayess are not permissible. Periol 



, v,.r. r«,s 9 ible of autunm-sowingB, and pr( 

;.:.<c) Avoidance yrhen pos j^rge ar 

fetence of planting o ®°’'' ’ jaust be planb 

W lm»»pl*»». M.« pto>» P*' 

lr<st..i..i» 

aent of foreats containing game. 

Ifreqnented by game, an ^ ^ buckwh 

ftucb enow on the giou ' ^ ^i„ter. The am 
irnther eoftwoode, ton tjje bade and y 

jeel the hark from theee lopp g . potatoee, 

Oay be given and ® ® ^ ight of baeic elag 

“»‘r-. *r m wte ■>»« 1“ pi- 

l^olderwi^e nwwar foreete,places *e 

4. Rew^'ai Mewrt, ^ 

* ’ ff Mt JUttsetfeB 



(b) Specially valuable trees should be separately fdlced-in 
jr protectid by rough stakes with the jagged ends of liranche 
jutside. Thorns, bad-smelling substances, or wire-nettini 
oay also be used. 

(c) Scarecrows may be set-up in endangered localities, o 
logs brought-in, blank-cartridges fired, etc. The scarecrow 
must be altered from time to time, as' the animals ge 
tccustomed In them. 

(d) Sliooting-down the game to a rsifricted number wide! 
she forest can bear. Game need not be extemdnated, and th 
shief diffei'ence between modern and old times consists in th 
fact that formerly Ibc forest was managed for the game, bu 
now it is recognised that tlie adndssible quantity of gam 
must be proportioned to the interests of the forest. 


Sbction II.— -liKD-Dsna. 

1. Vamaije Done. 

The damage done by red-deer consists in eating frnits 
i browsing, peeling, rubbing, trampling, etc. 

f: 

II. Eitfiiu/ Fnm! Fridfii. 

f The red-deer eats all kinds of fruits, but especially acorns 
Ibeecb-nuts, chestnuts, mountain-ash berries, etc. Acorns an 
loften beaten-out by the deer with their fore-feet and eaten 
l^d sowings may be thus completely ruined. 


K! TBe deer bite-off buds and young shoots, chiefly from lai 
pitumn till spring, and occasionally devour foliage in th( 
fammer. ', 

feThe following species are preferred by red-deer: asjen 
pillow, ash, oak, llofubeam, bUch,* maple, hazel, m 
^mgst conifers the silver-fir and-larch; the birch, alder 

' 1^ attnamatlr huttrA l«wih oJnn* 





P pirie, and sptuee are leari liked, I 

3 S, such as amixtare oi species, system of management,! 
i^of grass or supply of fodder, greatly influence the- 
jiegree% damage done in any particular case. Deer anC 
^ttle are fond of tasting new and foreign species mtroduoei^ 
^to a wood. 

hj times,of scarcity of fodder, young-plants protruding 


^ongh the snow may be completely browsed-down; m 
^onnd-planting this is especially noticeable. 
f., Overshadowed plants are less freely browsed when compared 
mtii those growing iujhe open. Old stags and hinds do more 
pamage than fawns, P they can reach higher. Southern and 
[western aspects suffer more than northern and eastern onefg 
as the deer frequent the former in the winter. The lower 
parts of the warm aspects bordering on fields suffer most, as 
during winter the deer crowd together into such places. Here 
|iay be found those rounded, bush like plants due to the 

P .ual formation of numerous side-shoots, exposed every, 
r to the bite of the deer. The young plants also suffer 
|much in frost localities, on account of their slow growth. Of 
l^eat influence on the amount of damage done are the degrees 
P recovery shown by certain specieS, due to power of repro- 
‘^etion, ra{iid growth, and also to local circumstances. Beech 
ind hornbeam recover well from browsing, although the formi^r 
ioes not reproduce well from the stool. Oak when bitten al^ 
ihows great power of recovery, the ash and maples leas, alsd 
Conifers, among which the silver-fir has the best power ol 
.^Mcovery. The bite is, however, never clean, the deer baking 
|ip lower incisors, so that recovery is difficult. Obviouslyi 
iiniok-growing trees on a rich soil, make the best recovery. : 


f, Puling Bt&k. 

lit bad kind of damage done by red-deer consists in peeling 
&b|trii% frees, whiob is generally, but not iilways, eates 
yugis commoner in irapfoods with a.|arge'Stock of deli 
fenced-in from tt^djoining fields. The whole hsri 
(,prph|bly taaght'to ped' by one or 'two" 

<ict fewsMA-lw* '* 't'’> 



ie’foUOTlng species are thus atiacKea; 

K-fc. 'r'i 

L,; ol .11, tol. .nd ktak P««., l««b. I'l'i®. 
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^ -22.—Oak saptogi 
pS-iO year* 

I % wd-Ceer. 

1 ,.' 


(Jlaluad.) 
Fig. 23.—Summef 


Fig. 24.-rWinler-pe» 
Ml 40 - SO-yoat 
aptuee. 


I Spreee, from 20 .to « 

loppice-Aoots are pteferre , ^ ^ 






^ prefei a sappy bark developed in the light. The stag 
bek the most damage in this way. The bark mayremoved 
rom all round the stem, or in strips. The former is much 
^ore hurtful, but is rare. 8trip-peeling may be done on both 
sda^^l stems, but usually in spruce only on one side, the 
seat and east sides being preferred. In the case of the oak 
tn^^beeeh, the bark is often stripped-off in patches one above 
2 i 6 other, as shown in Fig. 22. ■ 

The bark may be peeled in winter or summer, in the former 
nse from absolute hunger. In the latter case, the deer, bite 



Fig. 25.-—rmusveme section of h upruce-Ktcni peeled in suimner (miitced). 


«,rough the strip of bark from below, hold it with their teeth 
fed then, walking ijackwards, and raising the head, strip it ofl 
in long pieces, which cause serious wonnds in the tree. Theit 
^gth may be 6 feet, and breadth from 2 to 6 inches, and 
mey may reach down to the roots, but generally stop at aboui 
I feet above them. 

I'Winter-peeling is generally, less serious, the deer gnawing 
^ and eating pieces of the outer hark, leaving the bast au^ 
^rt of the bark between the bared strips. When deep snow 
K on the ground these wounds may be pretty high up the 
^m. 

^Peeling is generally done in the moming^fter the deer hayjs 
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pl'Mi gravity ot the ‘ 
iamage done depends, in 
other respects, on the size 
of the wounds', the season, 
repetition of the injury to 
the same tree, age of the . 
wood, ' and nature of 
locality. Summer-peeling 
is- more injurious than 
winter-peeling, although in 
the fopier case the anti¬ 
septic nature of the outflow 
of turpentine is to some 
extent a compensation. 

.At the coumiencement of 
spring most damage is done 
in this way. The younger 
the wood, the mme fertile 
and moister the soil, the 
picker the damage is 
repaired. 

^ Bark-jMeling by red-deer 
is a new habit; as long as 
mixed woods under the 
Selection system and coii- 
pice-with-standards offered 
plenty of nourishment, the ^ 
deer left the bark alone, 
ilmi the present density of 
growth, which excludes 
grass, and the substitution 
)f conifers for broadleaved 
gieeies, have rendered 
iodder scarce in the forests, 
md it is possible that the 
leer eat the hark medicin- 
tlly, as wall as from 





d. RuhUrtg and StrSeing, ' VI 

their antlers against trees to remove the 
velvet at the end of July and August, generally by night, and 
ihey select for the purpose slender smooth, poles of lime, 
^pen, sallow, larch, Weymonth-pine, silver-fir, maple, etc., 
jspecially when these species are scattered among other forest 
growth. Scots pine poles are also injured in this way by 
ieer in the Ai-dennes. 

Stags also strike their antlers against trees at rutting-time 
in September and October, and before they lose them in 
March and April. The damage done in this way is less than 
by peeling, as the same trees serve over and over again for 
the purpose. It can readily be distinguished from peeling by 
the filaments of bark which occur on the wound, and by the 
bairs of the deer adhering to it, from the deer’s habit of 
rubbing its neck on tlie peeled stem. 

e. Tmmplmg. 

V Damage done by trampling is confined to young growth and 
sowings of conifers; 1- and ‘2-year-old‘plants on sleep slopes 
tfith loose soil suffer most of all, beiag frequently uprooted. 



/. Total Aimmt of Dimiiige. 

More experience is'required regarding the total amount of 
damage done to forests by red-deer. A forester who is at the 
kanie time a sportsman, should endeavour to ascertain clearly 
Ihe amount of sacrifice of income his sport involves, so tha| 
Hie may be able to keep the number of deer within proper 
i^its. Until the damage done under certain circumstances 
bMii properly observed, sympathy with sport, or antipathy 
M it, give the question a wide range. It may not be possible 
li-eBtimate the proportional amoimt of damage done respee- 
fely by browsing, peeling, trampling, etc., but in a forert 
■quented by deer, certain compartments might be fenced and 
^ers left open, and comparative yield-figures ascertained^ 
jfirom which tlie extent of the damage done, in Ihe latter casev 
yuay be deduced. 

regards Mm daipage to meadq; 

Ki-a;- % 




Pfeb'red-deer, Ihrig states that in the Odeiroald, 4| 
Eulbach, 81 per cent, of the normal yield of hay is lost 
annifelly by the grazing of red-deer, the loss being estimated 
at 6 cwt. per acre, or cwt. per head of deer, worth 24«. 
(F. u. .T. Zeitung, 1890, p. 4.51). The Exmoor deer feed 
chiefly on the adjoining farm-crops, the damage they do being 
tery considerable. ^ 

; 2. Protectire Mcmim. 

Besides the general rules given above (p. 84), the following 
special rules relate to red-deer:— 


(I. Maintemmce of a Motlmlo Nmiiher of Door. 

A sufficient number of deer must be killed annually so that 
the slock in.a foresl is not incompatible with economic 

forestry. . 

, As the term moderate varies with the species of tree grown, 
the system of management, locality, nature of boundaries and 
grass-production, it is impossible to give good average ligures, 
• According to G, L. Hartig. on 2,500 acres ol forest the 
stock of deer in the spring, before the young are born (May U 
June) may be as follows 

Itnmllnired i'oml. Vmfcmu 


IMin. Ihn. Il'iW iM-door. Ihn. 


l'‘P. 

4 


12 

1 

2 


»'i5 
/‘iy* 
.. i 


in 

12 


Fdmts loaleiiiiK "Hie'' 

■ fortihlfl . . • • 

Foitisltt liordcriiiKon {iwltts . 

'Fo«t‘8ts8itrn>un(leil byficltlK . 

I Eatzeburg considers 16 red-deer tier 2,500 acres the proiie: 
‘humber. In Compidgne forest, 20 deer for 2,500 acres an 

‘Allowed. • -o 1 : 

I r Prince Charles of Schwartzenburg states that in Bohenii 

P to 38 head of red-deer are admissible, and places one r^ 
leer as equal hv two fallow-deer or four roe-deer. 
itombrowski allows 40 head. These figures approach tbos 
pr a forest overstocked with deer. Dnforinnately as many s 
line head per 25 to 40 acres of woodland occur in many foresl 
m Thurinma,the Harz and Tamms, so that economic foresk 
Kr ..... •_rui- '■ >'■ 





l^iUats, lumipB, awfns and chestnuts are best. Baa.i||^fl4^ 
Iftould be raised srith the food, as alread.y stated (page 98)j| 
pPeeding only with hay or leaf-fodder causes the deer to fall-ofi| 
Sin health, and prevents the formation of good antlers, whilsi^ 
■acorns are best for the latter. The fodder should not be given’! 
ion felling-areas, nor neat recent thinnings, as the deer loiter s 
^bout near the feeding-places and cause damage. Owing to| 
i’the scarcity of food, antlers in the Highlands of Scotland are!^ 
;Very poor when compared with Continental antlers, or those) 
sfrom English parks, or from Exmoor. 


c. Femes ugaimt R&l-Dmr. 

xnese siiouia not be less than 7 feet in height, and on slopes 
mother fool may be added to prevent the deer from leaping 
ihe fences. 

rf. To Pramit Browsing. 

Young forest growth may be sprinkled with blood and eow- 
jfdung, or open jars full of blood buried in Uie ground. Coab 
jtar may be lightly painted on strong young conifers, excepting 
Ijlhe buds. It is best done by passing the shoots lightly 
^rough the hand covered by a tarred glove. This should be 
|done from September till November, and repeated when 
^necessary. The spruce stands this treatment less well than 
jithe Soots pine, and broadleaved species suffer from the 
practice. The cost is not bigh^ about 28. (Id. an acre, including 
pifi purchase pf 6 lbs. of tar. A woman can tar SOo plants 

E l hour. 

Broadleaved species may ,be,, daubed with the following 
iixtare:— ‘ ' 

arriage grease . <. . 5 lbs. 

ptroleum . • . . . 2^ quarts, 

lum . . ‘ . . f lb. 

allow , ... . I lb. 


gives enough for 600 plants. Plants may also be jimui^ 
the terminal buds being smOa^ with" a brush dipped'& 


W lbs. of lime are reqnirett for i,uw. 
Wants. A woman call lime about 500 plants in a day on a 
^p(», and 8,000 plants on level ground. This gives better 
iesuils than tarring the plants, and the lime apparently dees 
ahem no injury. Ketuse hemp may also he lightly placed 
over plants, as it clogs the teeth of the deer and has proved 
Efficacious. 

* •.' p. lo Prpvpnt Ppplimj. 

t belay thinnings, so that deer cannot penetrate amongst 

tsaplings. 

; Pieces of rock-salt should he scattered about for the stags to 
slick, or thb following composition 

... 1 Ih. 

. . . 111 ). 

. . • . 8 Ihs. 


Oak-galls 
Salt . 
Clay . 
Aniso . 


A littl)!. 


:he galls should he Istrian, which cost .'iOs. a cwt. Each 
liece suffices for 100 acres of forest. 

' Beasts detected peeliog hark should !>(! shot, as young deer 
icon follow their example. 

/. Mimmn to Pm-rnI linMiinij, ptr. 

Valuable exotics, etc., ran ite i)rotected against nihhmg by 
smearing them with certain compositions up lo 5 feet ir 

height. ■ . , 1 I t. 

Such a composition is a mixture of lime, blood and sulphur 


Seotiou IIL—Eallow-Deicb. 

P The damage done by the fallow-deer is of a sinnlar nature t 
Jhat by the red-deer; the former perhaps does more harm b 
fcruising and trampling, as it is very'restle,ss, and partieula 
Ebont its food. However, it never peek in a wild state, oiil 
Wetimes in fenced parks. The fallow-deer rubs ns antlei 
I* the end of J^ugust and in Beptemlier, and strikes the sam 
i^iecies as the red-iTeer. The protective rules are the sam. 

I are unnecessary. 



IV.— Eob-Dehr. 

1. Damage Done. 

Besides herbage, the roe eats beech-mast, acorns, wild Irui 
and the cotyledons of beech and oak seedlings, and in wint 
browses on the buds and shoots of nearly every species 
ifree, especially young plants, and in summer on fresh youi 
■^oots and tender foliage. 

i' The following species are preferredDak, beech, mapj 
lash, elm, hornbeam, aspen, sajlow and silver-iir; less—Sec 
liind Weymouth pines and spruce; least of all—birch ai 
lalder. Young plants one or two yea;ts old may be entire 
pevoured. Exotic speci#S and those occurring rarely in 
irood are preferred. 

Ir'Sunny aspects where the roe stays in winter suffer moi 
^especially on poor soils. The roe rubs its hoiml in March ai 
^kpril on smooth-barked saplings about a finger’s thicknei 
limd strikes its horns on poles in rutting-time at.the end 
►July and August, and before losing them in November. Larc 
!:iWeymouth-pine, Douglas-fir, aspen, lime, and mountain-ai 
|»re most exposed to these injuries, 
fe- In places where roe-deer crowd together, they trample-dot 
^ny seedlings. The roe is relatively worse as a foK 
irowser than the red-deer, as it is very dainty and tears t 
hoots like a goat; but on account of its small size, and as 
bstains from peeling trees, it does a less absolute amount 
iftmage. 

' 2. Prokctke Buies. 

h' 

IjirreBpective of the general rules given, the following k 
^ for roe-deer. 

's fiuitabie fodder are oats, aconis and foliage; they eat h 
ily as a last resource, when it is given quite dry and hu; 
^ in httle bundles under the shelter of trees or thatch 
IWerings and not strewn on the ground. Lopping branch 
psHver-fir, aspen, sallow, etc.,-in winter is very useful. 
pFences against roe-deer need only be 6 to 6 fe^t high. 
rBoarectows are of little good, as the toes soon becbt 



PSrmg' a«ng, petroleum, or asefmtida on iJultivations * 

■^oung coniferous cultivations may lie tarred, as for red-deer, 
b«t with deep snow it la better to lime thoin. le cos o 
tarring is B<l. to ^ m 1,000 plants, at a daily wage of 7d. 

togd.randtaratls.Od.percwt. 

To protect exotics (Douglas-fir, etc.), saplings may be 
encircled at about feet from the ground with a piece of 
paper as broad as the band, fastened with string, or they may 
L surromided with thorns, or by three jagged stakes. 


Skotion V.—-Wn,!) Pios. 

1 . Damaiii' l>mr. 

The wild i>ig does damage similar to that done by the tame 
which has been already described, besides iHilling-up 
r 6 ”sh transplants, and destroying monnd-plaiitmg, and birds - 
lests. As regards sport, it does much liavm by killing fawns, 

^ OfS’e! in the Lower llliine districts and also in the Ardemies, 
ngsbave so largely increased in the forests, and doso much 
iaoe to the agricultural crops, that it lias become n^es- 
ary to bold battues, and lix a price for tbeir destruction, 
Prom a forest point of view, however, wild pigs do much lesi 

iamage than other game. ■ 

They mar, however, do a considerable amount ^ ^3 
hreaking-up the soil, burying fruits and seeds and by ttn 
destruction of mice and hurtful insects. 


2. Protective Buies. 

& Feeding with turnips, potatoes, oats, peas, acorns, will 
imit, etc., so as to keep the pigs from injuring forest plants, 
y Fences against pigs should be about 6 feet high and strongl; 
built Wild pip travel considerable distances by night, an 
b France Iftve been found to abandon forests where there i 
|{ipob wirf-»etting.j. 



jffTraps can bb used to catch pigs;' A pit'abonlo fe#® 
Bid' broad is dug, with walls vertical or even sloping inwaw 
i light covering of poles, bnishwood.and moss is covered wi 
loil, dead leaves, etc., resembling the litter on the gronr 
}aoh traps should be made near wallowing-places in t 



jO'—Mai* gMwei by >at« , Beech gnawed by 

I'i;';,,-. {auL'w). , ^ (iwf. 

feeding season (November to January). In making th& 
raps the greatest care nM||^ taken, the workmen must m 
jiaoke nor eat their food l|^he trap, and the earth dug oi 
aost be removed to some distance. Another excellent methc 
« cakching vfild pi^ ia described in ^e " Indiafforestei, 






wB'en HUtfierous m woods bordering on fields, must bi^i 
kept down by hattue-shootiiig. Thissjjs much more efficacious; 
than trappiiig, which has almost been abandoned since 1878 
ill the Treves district. Thus, in the districts o1 Ireves atrd 
Coblenz (1872-75f, 658 and •257 i>igs were shot, or respectively 
^ine times and three times as many as those trapped. 
s>. The last wild pig was killed in England about 1098, iiJ 
iChartley Forest, Staffordshire (J. E. Karting), but they prob- 
jibly lingered on to a later date in Scotland and Ireland. The 
Indian wild pig (S. nintatus) differs very slightly from S. «cr«/a. 
% large Indian boar may weigh over 800 lbs. and may stand 
up to.42i inches at the shoulder. Pig-sticking wiUi the lance 
on horsebacdi is a favourite pastime in India. Wild pigs are 
numerous in Indian forests, where, however, tliey do httle 
damage, though very destructive to agricultural crops. 



Fig. 31*.—Wurftoial »tt« 4«ii«ge by iw, 







CHAPTEE IP. 

PBOTECTION AGAINST EOdSnTS. 

Section I.~Genebal Account. 

1. Lht of Iiijnriims Species. 

jiam and. IlahUk {Lejioridue). 

The commou hare {Lepits cmvpceus, L.). 

Themounlain liare {L. timidvs, L.). 

The rabbit (L. citiiiatlus, L.). 

Sqidmh (Sciaridm). 

the common squirrel [Scinnis vnhiaris, L.). 

Domiee (itijiiMai). 

[he loir {Mpoxof ijUs, Schrub.). 

[he common (iormonse (.1/. anilanaeiiis, Jj.). 

[he garden dormouse (M. iiitchi, IVagn.). 

Jlire (Muridni). 

'he common wood-mouse {Mas sihatkus, L.). 

'he long-tailed field moujfe (M. ap-arius, Pall.). 

Voles (Arevolidm). 

ie water-rat {Arrkola amphihiits, Desm.). 

,’he field vole, or short-tailed field mouse (.1. (ujrcstis, Blasd'. 
ihe southern field vole (A. ana/is, Selys.). 

Jhe bank vole (Hypudaus (A.)'ylareolas, Wagn,). 

2. Damage Done. 

The above-mentioned animals damage the forest by eating- 
pa and seeds, and gna^ng young growth, breaking-off; 
^ shoots, eating buds, peeling bark, and burrowing in the* 
jund. Babbits, mice and voles do ilio&t harm, on acoonBt| 
,th^ .destructive .TOiSi<?dy,;M»d their imormous '^ 





... 


Young growth, sowings and plantations are .oftoil 
iomplelely destroyed by them. ’ ., 

damage done by hares, siiuirrels and dormice k not 
|so great, being confined to individual plants, and these animals 
J:do not become so'numerous us rabbits, mice and voles. 

J , ■ 3. I‘riiferlirc Itiila. 

Proper precanlious must bo taken in the reproduction, 
^tending and utilisation of woods. Enemies of these aiiiuuils 
^.must, be spared. Shooting, trapping, poisoning may ho 
^'employed. More detail is given separately (or each kind. 


:i Secihon II.- Haiies. 

■/ 

1. l>iimii<je ])<me. 

Tho common hare is found throughout Europe, except in 
mountains and the extreme north. In Scotland it occurs 
“'only in the lowlands and in valltns. In the British Isios the 
: mountain hare is met with only in Scotland, and in Ireland, 
, where it is known as the blue hare. .At lower latitudes it 
ftnrns white during winter, but remains white iliroughout' the 
;year in the extreme north. 

I The hsro injures woody plants in winter by biting and 
tgnawing their hark. Buds and young shoots of beech, horn- 
(beam, elm, ash, maple and aspen are chielly bitten, the 
^conifers less, and spruce and Scots pine least of all. 

As the hare affects certain localities, the damage is restricted 
area, but very extensive where it prevails; so that a single 
'jbungry hare may cause considerable damage in young growth 
beech on sunny situations, which it freijiienta in winter, 
teeth, cutting jn pairs, give very distinct markings 
|tm plants attatked by hares. 

fc As regards peeling, in snowy winters the one-year-old shoots 
pE the robinia and other Legummm, including broom, are 
pequently stripped of bark, and the wood gnawed as shown in 
;. 80. Among ordinary forest plants, young beech andfi 
l^camore suffer most from peeling; older trees with rough bark' 
,pa bare frequently damages fruit-trees in orchards,. 
ly; |^ appl^ the c^^ all, the pew. 





2. Protective Buies. 

r r 

(») Fence nurseries, es|)eeially those of fruit-trees, with 
pdges or dead thorns, or with wire-netting 4 feet high. 
l(fc) Bind fruit-trees from November till April with thorns 
ptoches of conifers or wheat straw. 

!?•(») Fruit-trees may be smeared with stinking substances. 
1 mixture of 10 quarts of bullock’s blood, J lb. of asafcetida 
Misolved in warm water, and some lime and cow-dung may 
^ used.' 

i; (d) Shoot hares, especially in broadleaved woods. 


Section III.— Rabbits. 

' A pair of rabbits during spring and summer may produce 
tbout 5—8 young ones every 4—5 weeks. Young rabbits 
jegin to breed when six weeks old, so that in New‘South 
i?ifale8, under favourable circumstances, it has been found 
ihat a pair of rabbits may produce 13,718,000 in three years. 
Rabbits cannot withstand the great winter-cold of the higher 
lirdennes, between 1,200—2,000 feet, but in milder situations 
^roughout Britain and the North of ]'’ranco they are the 
Qaost destructive enemies of broadleaved woods. 

1. Damaije Done. 

Rabbits, which are chiefly found on hilly and sandy ground, 
|o the same kind of damage to young growth as hares, besides 
injuring the roots of plants by burrowing. They are not nearly 
So destructive in biting off young shoots as by gnawing at the 
5ark of plants. The seedlings of the Scots pine, the chief 
^cies on sandy soils, suffer most of all from biting, and next 
^ this black pine and larch, also oak and ash. 

As regards gnawing, nearly all species suffer, chiefly horn- 
fe wi, ash, robinia, aspen, sallow, hazel and fruitHrees. This 
pm of damage is most considerable in snowy winters, 1894-5, 
^instance. Fig. 32 shows the teeth-marks of rabbits very' 
Itoly. Not only is young growth attacked, but where rabbits 
PI numerous, and when the ground is frozen or covered with 
i^w, the base of large beech and other trees is barked, and 
fc treea may he completely girdled. From experience in 
Forestj. wl#h is oymrua with thesp pesti, so that 




RABBnSA 


pii^riiiderwo^, so valuable in oab forests, whicb was i^nt!fu| 
!iwenty-five years ago, has now lisapjwafed over large areas;* 
! the sycamore appears to suffer less than other Bjteries, and 
rabbits will not touch Rlindodfiidivn jmiiHcim, which some' 
times forms a dense underwood in " 

parts of the forest infested by them. 

Hedges of wliilethorn are often com¬ 
pletely destroyed by the peeling of 
rabbits. 

By burrowing, rabbits do much 
harm to cultivations and young 
seedlings. Hares avoid places 
frequented by rabbits. 

2. PivleHiff MmsitrcH. 

(a) Protection of foxes, pole-cats, 
martens, .stoats and weasels, which 
are the natural enemies of rabbits. 

A family of stoats may bill lifty 
rabbits in a week. 

Careful fencing 4 feet high, 
and use of wii-e-netting buried partly 
in the ground and sloping outside 
the area to be protected. 

(c) Valuable trees may bo bound 
round with thorns or wire-netting, or j 
their bases smeared with coal tar. ^ 

(d) Use of traps or poisons, 
or smoking-out the bmrows with 
sulphur. In Australia, poisoned 
^ain is buried in shallow trenches 
io kill rabbits. Sheep are not thus 
endangered. Between April and 
October, 1890, in a forest near Kiistrin, 2,389 rabbits wei 
trapiied, in traps supplied by Grell, of Haynau, Rilesii 
costing 2«. each. #A. farmer in South Devon informed m 
khat stoats, lieing very reckless, are readily caught in tiij: 

atid that since rabbity have lieeu trapp^’ 



Fig. H2.“-'Willow giiawtfd hy 
ralthits (««/. siza) 




Ml'nwgBbourhood, the stoats, which 'are 
leheinies, have disappearedT ' 

(c) Ferreting, the ferret being merely a domesticated varieti 
)f pole-cat. This is usually followed from October till the ent 
)f February, when rabbits do not generally have young. Th( 
lerret is Sent into the burrow, and a net placed at its openinf 
nto which the rabbits run, or they may be shot when driver 
jy the ferret out of their burrows. 

(J) Shooting. This is very useful, if carried on in summei 
when the rabbits are breeding and does are easily shot 
especially in young plantations. 

Every Enclosure Act allowing planting in Crown foresti 
States, that no rabbits should be kept, ^on any pretenci 
wliatever. ’ ' 


SecnoN IV.— The Squibrel. 

1. Dmmje, Done. 

The damage done by S(iuiiTels is greater than is generally 
imagined. They (iat fruits and seeds, cotyledons and buds 
and bite off young shoots, remove bark, and destroy eggs anc 
young birds. Their utility in destroying beetles, larvic of saW' 
flies and other insects, does not compensate for the liarm they do 
In 1901, .tSO was sjwnt in the Countess of Sealield's estah 
.tCraultown in rewards for killing squirrels al.21d. per hea(i 
i'hey had done much damage by girdling larch and Scots pine 


a. hcetnutiort of FrviU and fieedlingH. f 
Beech-nuts, acorns,^azel-nuts and seeds of spruce and Sooh 
line constitute the chitif food of the squirrel. Besides these 
it eats seeds of other conifers, fruits of hcwijj 
beam and maple and of mountain-ash, anli 
walnuts, apples and other garden fruits. | 
large .proportion of the annual supply 
fruit may thjjs be lost, and in cohiferois 
woods, natural reproduction may be greatlj 
reduced. Beech-nuts are often eaten in th«^ 
involucres by squirrels from September. 

. Fig. ^ diovfs hov# the< hazel-nut, * 

attacked by this little ahimal, and Figs. 34 and 35 how , 1||S 

m that 



S3.— 

ajpsiwd bj «quiir«l. 


ie trees show how busy tho squimil has ten. 

More harm again is .lone by the squirrel digging-out see.1 
and cotyledons from tho ground, and biling-off cotyle.lons oi 
the tech in seed-beds and reproduction-areas. It alsc 




Fig. 34.—Spruf«'™r' stripiK!.! t>t 
BCiite by siiuiinJ. 


Fig. 3».—I’urti™ of «pru(ii-«HW atw® 
by s(|uirri)l. 


uproots young oak-plants to get at the rttmams oithe a..oi 
Indian squirrels have similar proclivities to the abovo-m 
tione.! species and sometirafe.s completely strip trees of tt 
fruit, ^esides being very destructive to i)ea8,etc., m vege a 


fi. Mitiff Jlwfu ami Biling off Ticigt. 

AS regards buds, the squirrel prefers those of the ir 
. ' ® - * . * .’4 • ' __ af«I^eifanr»Att find H 




Fig*. 36 Rnd ST.—Twigs bitten off by squirrel {not. 
a. where twigs are bitten off. b. Bas^ of bitteii-off buds. 

flowering-buds, the squirrels bite-off -the top of t^e' 
^vious year’s shoftt, and the side-shoots of the last verticil,' 
buds of which are also eaten. Scots pines injured in this 
lay, develop new leaders from buds just below the point of 
l^teck, whilst in the case of spruce, an uninjured sidb-shoot 
iom the last verticil becomes a leader. In the case of poles/ 
fa trees of IdieBe species, the squirrel bites-off the mostj 
^rnal little shoots on which at® the male infloreseenee*/ 
Wda, and then, holding the twig with its'fore feet, goes 

bmnnb trv* Aoi itM . . Te ’fKon Ibts (ha («,<» lati 




'irrouiia. :^robaWy the female' hiflore«eence-buds are 
fi»n M well au<l very few cones-ere formetl on tre^ 

Iso similarly attacked. _ • — 

In Uie summer also, shoots of various 
mgtbs up to 8 inches are bitten off spruce 
rees by the squirrel and gnawed, as nt this 
tme there are no seeds or buds to eat. 

f. PMui anil (linlling. 

The peeling and girdling of young plants 
)f larch, Scots pine and silver-fir, also of 
jeech, hornbeam, aspen, willows and oak 
jave been noticed, and are becoming serious 
in Britain. Plants fifteen to thirty years 
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fip. 38 and ai&.i-SpiraJ gjrdliog* of Scot* 


fij(. 40.-Oir<llinjf 
Scota |n»« •'J *?*' 
: wi (J)- 




li" fraleir' tnosi, but also sixty-years-old wo<)dS/ Thfe‘ & i 
rom May to July chiefly in dry years. The damage is don< 
0 the stem in the crown where the squirrel sits, and ii 
lometimes in,rings or’spirals, at other times quite irregular' 
IS it goes down to the 8a])wood, the injm-ed stems may dh 
ibove the peeled place, as they sometimes do by hfindreds. 


d. Iksirwtim of Yotwff Binh. 

During the breeding season of birds,, the squirrel frequently 
ittaclis tlicir young, killing them and eating their heads. 

2. Protective Rukg. 

Vrolection of the pine-marten {Muskla viarteti), a gret 
enemy of the squirrel. 

Shooting, with the help of dogs,' in spruce seed-years, am 
near inirseries. 


Skctiok V.— Dokhice. 


1. Damafje Done. 

Dormice are squirrel-like animals, with bushy tails, and a 
they move about at nighl 
chiefly in broadleaved foresi 
it is difficult to slate precisel 
the amount of damage they di 
The loir {Mijosus glis, i 
German, Sielmschliifer),- th 
largest Euro^iean species a 
dormouse, is found in souther 
Europe, but not in the Britis 
Isles., It feeds on mast of a 
kinds and also on spruce an 
other seeds, and orchard-frm 
bites-ott :&e leadmg shoof»\i 
4S:--W^ beech and flily«r-fir, an4:| 
of »!d«r ttf spring, barks young stems, ^ 

; 1 . '■ / robs. Inrds’ n^ta, dping 'in|ui 

d a 8imyat-hld^^':i4'&^^doh6:^®^^aqu^Ireli‘'y^^^ 




pSit’-of Ihis season asleep. Harking is done m strips, or 
^gs.on ten- to twentvfive-years-old trees otjiircli.liornbeain," 
haSel, etc., also of larch and silvei'-fir. 

The loir also bites-off spruce-shoots in order to strip tliein 
of their needles and chew them, spitting ou( 
the debris. 

The garden-dormouse (.11. iiiinfinim, L.i 
is rarer.than the former, but bus a similar 
habitat, going, however, further north ; it is 
fond of orchard-fi’uit, and also attacks forest 
fruits like the loir. 

The common dormouse {M. nirlldiiariiis, 

L.), chie^ |nhabiis coppice, especially 
hazel-eopince, and is found all over Kiirope, 
fi’om Sweden to Northern Turkey, hut is 
less common in the south than the other 
two sjuicies. It does similar damage to tlieiii, 
but on a smaller scale, and owing to its fond¬ 
ness for hazel-nuts, is termed flairlmtwH in 
Germany. 

. 2. Praleclire Itiihx. 

Dormice may bo caught like rats in iron 
traps baited with bacon, or for the last 
species, in wire-traps with almonds as aijait, 

In the extensive beech forests of Carintbi.a, 
the cai)ture of the loir is actively pursued, 
its tl(!sb, which becomeR very fat in autumn, 
being eaten, while the skins are exported, yjj, ,,;i , 
as many as 800,000 lieing captured in good <'f 'c '1"^ 
years of beech-mast. • 

Section YI.—-Mice. 

1. Damage Dane, -■ 

j ^oreSt mice, especially the long-tailed field-mouse 

L^, and to a less degree Mtis agrarim, I’alb, aril 
Ivery destructive by*eating forest fruits and seeds, biting a»^ 
||^vring„b,arrowiBg.in.tt>« groond and killing small birds, 






ihd balj-mast and hazei-nuts sire eall 
ttitnmn-BOwin^s Buffer, more than those made In the spring, 

In winter, apd when the snow is on the ground, they gnaw; 
mds, tender shoots, bark and sapwood of young forest plantsi. 
tom 2 to 15 years old. Broadleaved species chiefly suffer^*; 
inch as hornbeam, beech, ash, maple, hazel, sallow, and also 
)ak, elm, aspen, etc. Handsome thorn-trees are often girdled' 
)y them. They gnaw the bark of plants up to 8. feet and' 
ligher from the ground, somewhat higher than voles, from, 
vhich they can be distinguished in this way. Young stems 
ip to 2 inches in diameter at the base are often gnawed': 
hrough, and promising cultivations are thus ruined. 

•By their burrowing, many plants are unrooted aaid die, 
)Ut this kind of damage is done on a much gr^er scale by 
roles. 

Mice are chiefly destructive on sunny aspects in young woods, 
ull of grass undergrowth. Their powers of reproduction in, 
Iry summers are quite extraordinary. 

Rats are frequently destructive to forests in India. There 
vas a plaguJ^of rats in Berar, in 1902, described by E. E. 
Fernandez {Indian Forester, April). They destroyed cotton 
;oods and grain and ^awed the bark of teak, up to 8 ffeet 
n girth, also of BvUa frondosu, the lac tree, and other 
ipecies. 


2. Protective Rides. 

■' These are about the same as against voles, and will 
Jierefore be given in full farther on, but as the long-tailed 
ield-mouse lives in forests throughout the year, it is more) 
iifficult to ward agai^t its attacks than against those of voles, 
ivhich come from the fields into the'forpst during winter. The, 
!|»ieft remedy is to protect its enemies, the stoat, weasel, foxii' 
Ws» etc. 


Sbction VII.—^Voi^s. 

Voles are distinpished from mice by their thicker, shorteM 
teed, by having ears buried in their fur," short legs and tail'l 
ai»e mice having & pointed head, large ears and a long taili t# 





1. Damage Done. 

If, Voles in daytime live chiefly in the soil, into wliich they , 
^rrow in all directions. .Their burrows are just below the 
surface of the ground,*and by burrowing in forest nurseries, 
^^plantations and natural regeneration-areas, they uproot thou¬ 
sands of plants and injure drains and dtehes. They are ‘ 
^efly vegetable-eaters, devouring fruits and seeds, cutting' 
through the roots of youiig plants in the ground, gnawing 
their shoots, but they also attack young birds. 

, During winter they gnaw tire bark of plants chiefly of broad¬ 
leaved species from the collum up to ten inches, or as far as 
the grass reaches, in strips or rings. 

Voles breed much more rapidly than mice, the southern field- 
vole {A iririda analie, Selys.)* being especially reproductive. 

The water-vole (.1. amphibine, Desui.), and the common ^ 
field-vole (.4. agnetis, Bias.), do the most damage. The water- 
vole lives not only near water, but also in the forest, atid does 
much damage by burrowing, and by cutting-off the tap-root 
of stems up to the thickness of a man’s arm, (tat naturally 
kills them. Oak and ash suffer most in this way, also poplars, 
willows, apple-trees, etc.; loss: beech and conifers. Tlu! water- 
vole also frecpiently injures hanks and dams; it has done 
much damage in the forests occasionally inundated by the ; 
■Danube, but is fortunately never very numerous. 
iy The bank-vole (Hgpmheu glareDlim, Wagn.) is extremely '; 
'active, tind inhabits chiefly the borders of forests', bushy,' 
’land amongst fields, and forest-glades with advance-growth,. 

I rather than dense forest. It gnaws larches, black pines, 
Jwpen, and other trees and shrubs, and eats and carries off 
;lhe pine-buds. 

The common field-vole (Anicola agrettk, Bias.) is the 


“^eatest scourge of the agriculturist, and comes from the 
ij^ds into light forests, where it does enormous damage. In 
Ihe wu^of 18^23,1830-81,1840-41, 1856-57; 1861-62, ; 
|l868-6l!| 1870-71,‘1871-72, 1872-73, 1878-79, 1889-. 
^892-93, this species was chief among the swarms of mice 

as • About 76 per* o^t. ol them are 5 , aurt a mother vole ha# eight to 
^ young every Bix to eight weeka, tom Mateb till late in autumn. A y begins,. 
niwhaii wltWieiCtttweekBoldiaiKl n^y have lOjOOP descendaBlj ia a year. ^ 







be i^ced lietween aeovns or other seeds in the nursery-beds. 
The seed should he covered with red lead by slightly wetting it 
tod ruhhing the red lead on to the seeds. 

'Hf' 

(e) For sowings in the foi'cst, the following precautions are 
reeoiuinended Soaking the seeds for half an hour in a 2 per 
cent, solution of carholic acid in water; 10 per cent, of the 
acid will kill the seeds. Acorns may also he soaked in a 
decoction of (piassia. The seed-heds may be covered with a 
layer, 2 inches thick, of old tan or spruce hranehes, or strewn 
with calcium chloride, which is also a protection against 
certain insects. Seeds may he covered with red lead. 

(/) Endangered saplings "in nurseries may he wrapped 
round spirally with 1 8- inches wide Btii)>s of asphalt ]iaper 
and their hai'ks surrounded witli asphalt tar. The scent of 
this keeps oil' the mide. Hesse considers coal-tar as hurtful 
to plants. Various advertised preparations may he smeaied 
over the plants, such as a mixture of cart-greasc;, petrol, alum 


and tallow. 

ill) Felling-areas with grass-undergrowUi should he pastured 
*3owii in sumi^ir and autuniu hy cattle or sheep. The grass 
protects the mice from ohservation, and lenders the hark of 
plants in it soft and fresh, which the mice like. The cattle 
disturh and trample down many mice. 

■ (h) Beecli seeding-follings should be dark in order to keep 
down the grass. 

i {«) Pigs may he admitted into the forest as long as the soil 
is loose, especially near nurseries. They root-up the ground, 
disturb the mice, destroy their young, till up their burrows, 
and also tramjile-down and eat many mice. 

,y (j) liemoval of low undergrowtlg which shelters the mice. 

(k) Branches of softwoods or hornbeam may be spread 
about in young beech-woods, to attract the mice from the 
beech. They must however lie frequently replaced, as diy 
|)ranches are no longer gnawed, and then the remedy does 
:^ore harm ttiau good, the branches having attractad mice 
into the wood. This is a good precaution against the southern 

:field-vole. , 

■ ' (/) Protection o/£««mir*.— Here we must restrict ourselves 
I'io the protection of .mice-destroyers which may not do so 
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fliuch injury in another rlircelion as to onlwei^li their use- 
lulness in killiiif* mice ami voles. The following aniiimla ai-u 
useful in this way 

Mummuh. 

The pole-cat {Piilunnii (irayl, the .sloal (/'. i /'yio'/o'io!, 
Ow.), the weasel {P. niliimii:, llicli.', tlie huilger t.Ui/c.v tiimn, 
I’all.h tho mole \’P>iljHi iiiri'jmt'u, Ij.', ami lla' hcidgeliog 
{l‘jrmin'Hs cifroywras, L.l, also ilie slirews, e^lM‘cially Surc.r 
niliinriit, L. Tlie mole does not inlialiit Ireland. 

The first three heasls also iihmder nests and eat eggs, youii" 
birds and leverets. The hadgrr eats fruits, inasl anil )dieasanls’ 

S 



[Hi Surface mIi I'roiiml. 

[tl) rppfj 

(/>. l)e-.i'.‘afjinLc jii.'-'iigt-'' 
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As'c»‘ii(lin^ liassugtf!. 


iH.iyram 'll nuile-luap 

* (* ('nili.il tl)iimi*er. 

if j I'lh'Mgt l(» I li.iiubcr. 

(y M"]* run. 

{h'l T»i\< j^lug imt.i t(OU) lower galltiy. 


eggs. Tho mole is hurtful to forest nurseries from its habit of 
burrowing and throwing-up small hca)>s of soil. The hedge¬ 
hog attacks nests. All these animabs, however, are much 
more useful than hurtful. The well-known and much abused 
mole hunts for mice, crickets, snails, slugs and grubs, and is 
always at liaiid where those creatm'es abound, and e.xtrermdy 
useful in destroying them. It increases rapidly, has !5—5 
young at a birth, and two broods in the year, in May and 
jAngust^ and is very voracious. Its ingenious nest (Fig. 47) 



affords means of escape when pursued by a rat, or otl 
enemy. 

A limited protection may also be afforded when mice t 
swarming, to the fox (Oaim wipes, L.), the pine-mart 
(MuHlela marks, L.), the beech-marten {Miistela foina, Bris 
and the wild cat (L'elis calns, L.), in spite of the damage th 
may do to game. K full-grown fox will eat two or tlir 
dosen mice daily, and in H. Sweden, where foxes are numeror 
there are no plagues of mice. 

liirds.* 

The following birds are extremely useful in destroyi: 
mice:—The kestrel {FaJeo ihiiiiiumhis, L.); the buzz,an 
especially the common buzzard {Ihiteo rtiJ(ii(ris, Leach 
owls, especially' the long-eared and short-eared owls (Oi 
rnhjaris, Flemm., and 0. hraehjiotus, Cuv.); also, the taw: 
owl (Si/niivm Ahwo, Boie), tlie little owl {Carine, noctt 
Seopoli), and the barn-owl (Stiix jlammca, L.). To the 
may be added the hen-harrier and the marsh-barrier {('irt 
(ijawHs and C. acnifiinimis). Mr. Tegetmeier states that 
pair of barn-owls brought food to their nest 5 times in tin 
hours. This probably meant 150 mice in 4^ hours. T 
short-eared owl hunts mice in day-time and appeared 
Bcotland in lai'ge numbers during the plague of mice. 

The rook (Ourriis fnijuleijtis, L.) kills mice, especially 
the autumn, so da the black crow (C. coroue, Lam.) and t 
hooded crow (C. cornix, L.), which are sometimes said to 
varieties of the same species and to interbreed freely. I 
above three species of Corvas occasionally attack acorn-sc 
ings, and break off the leading shoots of conifers, and 1 
crow does much damage by eating the eggs of partridges a 
r other birds, but on the whole their utility is greater th 
;heir destructiveness. 

Herons (Ardca cincrca) and storks (Ciconia allM, L.) oc 
aonally feed on mice, and so does the black-headed g 
{Lams ndibimlns, L.). 

• Tlie scientific name.s fur birds follow Yarn’ll, Britisli Birds,” itb ctlit 
Uevised by A. Sawtoji, F.R.S., find H. Saunders, 18T4—Sf>. 
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; ■ ifost of ilie other flesh-eating birds do too mneh danuigo to 
’ useful Idrds to deserve protection. 

!). Itt'iiu’iliul McfiKiiri'g. 

rieinalial measures against mice may lie with or wiiliout 
poison. The chief rule is to adopt measures every year which 
suit the locality, so a.s to prevent as far as jxissih^ any extiu- 
ordinary increase in the number of mice and voles. iVccording 
to trnstwortliy observation, tluu'o are far more females than 
males in the spring, and mice should therefore bo destroyed 
as much as possible in February and March. I’rivalo enter¬ 
prise, e.specially in forests where it is diliicult to get at the 
mice, is not suliiciont for this purpose, but the. Slate must 
direct matltr.s and induce private; persons to assi.sl in the 
energetic destruction of mice both in liclds and in forest, wddeh 
will b(! to the jiuldic advantage. 

0 . 

Trenches niust be dug in tlm ground, and visited daily to 
keep Ibem clear from leaves, etc., a'nd to remove and Kill the 
captives., They should he H—10 inches wide, and 
indies deep, witli vertical smooth walls. The base of the 
pitfall must be beaten bard, and glazed tiartlumware vessels, 
or drain-pipes, one every !1 or 4 yards, buried level with the 
bottom of the pitfall. A few grains of wh^at act as lures for' 
the mice, and lliose which are found in the pitfall are killed 
with a pointed piece of coarse iron wire ;.they will die other¬ 
wise of starvation. Such trenches are to be recommended 
against field-mice along the borders of I'udds and forests, and 
around forest nurseries and seed-granaries. In Mecklenburg, 
10,800 mice were thus destroyed in autumn, 1872, between a 
dover field and a sown plantatiuu. 

b. Trapit. 

Traps are jiseful, especially against water-rats and liank- 
"Voles, and various kinds of devices may he used to trap mice 
. eecordiug to species and local circumstances. 
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Traps resembling sugar-tongs are advocated l)y E. Heyer 
.gainst the watcr-nil, as shown in the Figs. 50 and 51. They 
must be so placed that the rat, in running into its hole 



Figs. iH aiid 41h---Tul>ti4rjij)s lioni nut. ). 


strikes the plate («) with its head, and is tlien eauglil round 
the body by the pincers (5). It is belter to place two sueli 
traps back to back in a hole. For the smaller species the 



i'ig. .'lU. t’lg- jl- 


tube-traps fi'om Hoheuheim are very effective. Figs. 48 
and 49. 

Ordinary spring-traps (Figs. 5'2 and 53) are more useful du 


* 



Fig. 62.—(J nat. siw). 


^closed rooms, such as seed-stores, but when concealed by 
_ foliage, etc., they may also be used in forest nurseries, carrots, 
I or beetroot forming a good bait. 



MtCK AKD VOLES. 


For BGed-stores, a good trap for mice may Iw formpd l>y a 
VGBSfil full of water, ovfir llie edge of which a ]ueco of wood or 
platform on which the hait is fastened is halancod. The mice 



climb lip a slanting piece of wood on to this platform, and 
going to ihe end of it to gel at the liait, upset the hiilanco of 
the platform and fall into tin; water. 


Smnhiiiij-iiiil. 

Smoking-oiit mice is not possilde in forests, owing to tho 
nature of their holes amongst grass and di'iwl leaves, and also 
on account of the danger of tiring the forest. 

I'lH'ilHlillll. 

poisoning is the most efTe'ctnal method of destroying mice. 

In poisoning mice, in forc’.sts there is, however, great danger 
of killing useful animals, siudi as weasels, foxes or owls. 
Such a metliod can therefore he emiiloycd only after every 
precaution has been taken against danger to useful animals, 
and in cases whero the mice liave increased enormously in 
nomlrers. 

Poisoning may i)e done fay means of pho,sphoru,s,.arsenic, 
strychnine, corrosive suldimate, or carbonate of baryta. Of 
those, stryclmjne is the most effective. Wheat, oats or barley: 
grains, celery or radishes may Ixi used with the jroisoii, tho 
igraiiis being firat steeped in w'ater, and then placed in the 



poiBonons solution; or a meal prepared and the poison mixed 
up with it. It is then strewn about in pieces as big as a pea. 

In order as far as possible to prevent the poisoning of 
useful animals, the poisoned baits must not ^e placed on the 
bare ground, but in little cylinders of wood or of grass sods, 
or in glazed vessels or drain-pipes afbut If inches in 
diameter, sufficient to allow passage to a mouse. The cylin¬ 
ders may be placed on the ground or in the mouse-holes, and 
must be inspected regularly in order to obsem their effects. 
Glazed vessels are better than drain-pipes, as the latter let in 
moisture. 

. Phosphorus, owing to oxidation, soon becomes ineffectual in 
damp or rainy weather. Arsenic is more effective, but less 
rapid in its action. If either of these poisons is used, the 
dead mice are generally found lying on the surface of the 
ground, as they run in search of air and water when feeling 
the pains of the poisoning. Strychnine and carbonate of baryta 
kill the mic^.in their holes after severe convulsions; it is 
bettw: to change the bait and the poison from time to time. 

A pest of mice rarely lasts more than 2 or 3 ycars,»-as heavy 
rain, frosts, inundations and disease soon kill them by thou¬ 
sands. It would not however be right to wait patiently for 
such an event to occur, for by timely energetic action the 
damage may be greatly reduced. 

Attempts were made (as proposed by Loeffler) in 1890, to 
destroy the mice which were infesting the fields in Thessaly, 
by subjecting them* to a parasitic fungoid disease termed 
mouse-typhus; this was communicated to the mice by pieces 
i'of bread which had previously been soakpd in water con¬ 
taining spores of the fungus. The results in this case were 
iexcellent, and it has since been adopted on agricultural lands 
Swith success both in Prance and Germany. It was also 
Successful in a German forest in 1892 -3, on 15 acres, at a 
*|ost of 5«. Cd. per acre. . , 


i. Treatment of Infnred PlanU. 

| ; Broad-leaved poles and saplings which have been bad 
by mice should be ent-baok ip the spripg elope to 
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Wow the injured place, sliarp instrumentH being 
jl^eed tor the purpose, so that they may send up new shoots, 

• If the plants liare been girdled too deeply tosvards the roots, 
''■inch procedure itould not save them, but of course the dead 
' poles should be remOTod. Tho worknion should work in lines 
,80 as not to leaTiPonl any injured plants, and should bo 
' properly supervised. It the cutting is done loo late in the 
spring, the new shoots will be very weak, as iiiuch reserve 
material then jiasses into the injiirod stems, and conse¬ 
quently wasted when the stems are cut down. 

Wliere conifers have been injured, now plants must be 
substituted for those killed by mice. 

Beech plants that have been gnawed hy mice, if under a 
foot in height, may be saved by heaping up earth above the 
wounded part of the plants. The latter then send ont librons 
roots that grow down into the soil through Ibo mounds. This 
costs about Id. per 100 pliinls. 


• Section Vlll.— Beaveiis and IVmcuriNES. 

The beaver is an animal now almost extinct in Oentral 
Europe, but which formerly did much damage to forest trees.* 
Beavers {Castor fiber, L.) are still pretty miinoroiiH in Russia 
■and Scandinavia, in North America, and a few still exist in 
France in the Rhone A'alley. They fell and hark many species 
of trees up to 9 inches in diameter, chiefly willows and jioplars, 
but also ash, oak, and elm growing near streams. The trees 
felled are used by them in constructing dams to protect their 
dwellings, and they also eat the hark. 

The porcupine {Ilystrix kvettra) is very common in Indian 
forests, and* girdles saplings and poles of various species, 
especially of Lcgimmonae; it does much damage in forest 
"fiatseries by burrowing, and hy devouring seedlings and 
vegetables. It diould be excluded by strong wivc-netting, 
jpartly buried at the foot of a fence, as in the ease of rabbits. 
S^iere are also two other species of Jhjttru in India. 

* In the flimnhiyiw, the black tear (Fr/iw titirtami) iswla the terk frooi 
r'^iiun during the. winter, „ 



GHAPTEB III. 


PEOTECTION. AGAINST BIEDS.* 

Section I.— Gener.il Account. 

The birds directly hurtful to forests belong to the orders 
'iallinae or game-birds, CoUimlndae. or pigeons, and Panncri- 
'nrmac or perching birds. 


1. Lisi of Iliirtful Birds. 

(Irmise [Telrmniihir). 

Capercailzie {Tetrao nrofinlhis, L.). 

Black game {Tcirao Ictrix, L.). 

IIaz6l-*grouse (Bonasia silrestris, Brebra.). 

/‘if/eons {Cohmihidne). 

Ring-dove or Wood Pigeon (Ctdamha ixihimims, L.). 
Stock-dove [C. ocuas, L.). 

Turtle-dove {'J'urUir coiHmiinis, L.). 

{dorridM'). 

Jay {Oarridiis gJandarm, Yieilh). 

Nutcracker {Nuxifraya cMryoratmtcs, Bri.ss.). 

Fmtlws (Fringillidrie). 

Hawfinch (Coenthramtp riilyaris, Briss.).^ 
Greenfinch (C. Moris, Briss.). 

Chaffinch (Fnnyilla corkbs, L.). 

Brambling (F. monti/rivgiUa, L.). 

Siskin (F. Spimis, L.). 

Crossbill (Imxm mrdrostra, G-m.). 

Parrot Crossbill (L. piiyopsittacm, -Behst.)'. 

The scientifio names,ai'C !io» A'aircU’a “.BtitWi Binis." Ith ed.. 1882. 



GAME BtEPS. la?! 

■f il! few other species of smiail singing birds are hurtful by' 
' eating seeds and hitiug-off buds, such as;— 

Bullfinch {I'linhiila nirojiwa, Yieill.). 

Mealy Bed-poll [Lhmta limriii, L.). 

Bed-breast (j/lriillninw nhcciihi, L.)- 

Even titmice (I'arUae) do simie bnriii, and woodiwckors . 
{Pici) malic holes in trees: Ihese (umilics, however, do more 
good than harm. Birds which do indirect injuiy by killing 
other useful birds will bo described further on under the 
heading Iiiscris, 


2 . Ihiiiiii/i’ Ihwi’. 

Destructive species of birds oal-up seeds and fruits, hito-olT 
buds, young shoots, and tender seedlings, hut are giuuirally 
useful by destroying insects, and the daui.age done by hii'ds in 
forests is in geitcral much less tlian lhat Ijv the rodeuls and 
deer already referred to. 


Vrotviiirc Itulfs. 

Delay sowing until the birds have paired, and I’over the 
seeds well. The birds, after pairing, no lunger lly about in , 
large numbers, and they kill more iiiReetK than Iteforo 
pairing, both for themselves and for their young. 

The seeds may be steeped in red-lead mired with watet, or 
in distilled water, lime-water, or very dilute acid.s, so as to 
hasten the germination, and the period of dangrir from 
seed-eating birds may thus he reduced to us short a space as 
possible. 

; Sowings may be covered with moss, or branches; in 
purseries, with wire-netting over hoops of hazel, willow, etc. 

Scarecrows may be used, or, pai)er feathers on string, or 
stuffed birds of prey. 

Watch the Rowings till the young plants arc large enough 
to he out of danger. ' 

^j^fTre off blank earto^ges, or shoot the birds. 






Jectios II.— The Capercailzie and other Grouse. 

1. Ditinaflc Done. 

Tbo capercaihk, which frequents extensive tracts of moun¬ 
tain forests, injures nurseries and cultivations of conifers in 
“winter and aprins hj' biting-off buds and young slioots; in 
nurseries, when the buds of the plants just appear above the 
rSnow, they arc frequently cut-off in great numbers by these 
birds, the cock being more injurious than the hen. Birch- 
buds and small greitn pine-cones are also eaiten. The caper: 
cailzie in winter frequents old woods with advance-growth, and 
.feeds chiefly on the needles and buds of old spruce trees, but 
is very fond of the buds of neighbouring young spruce. In 
Scotland it prefers Scots pine. In the spring it scratches 
the soil in search of insects and worms. 

The Uach-ffi'dime lives in mossy .heather-land, and does 
much less harm to forests than the capercailzie. It eats the 
.buds and inflorescence of birch and other broad-leaved .species, 
and attacks buds of conifers and young needles of the larch, 
but chiefly nourishes itself with berries and small shrubs 
fbilberry, heather, etc.), and keeps itself alive in winter by 
sating needles of old spruce trees. It goes higher in the 
mountains than the capercailzie. 

The h(i:el-gn)tiec is chiefly found in broad-leaved woods, in 
the Austrian Alps and the Kussian Baltic Provinces; it feeds 
during winter on birch and alder buds and hazel-catkins. In 
summer it chiefly eats berries, but does less harm than black 
game. 

•PheamnU soratch-up sowings in the forest,* and nursery 
seed-beds. 

2. PmUetke Ruli't. 

Fence-in nurseries with .tall thorny bushes, as thv 
capercailzie is very shy, and avoids places so protected. 

Branches of spruce, etc., may be laid over sowings t 
impede the movements of the birds, and nursery seed-bed 
'^ay be protected with wu^-nettiug. transplants. 
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Section HI.— Pigeons and 'Doves. 

1. Damage Done. 

Wood-pigeons and doves eat up forest seeds, esjieciiilly of 
spruce and Scots pine, also buds, catkins, ett^ The wood- 
pigeon and the stock-dove in autumn also cat aconi.s, beecli- 
niast and beech cot 3 'ledons. Turtle-doves cat-up seedlings, 
doing most damage in March, and from April to October, 
when they often alight in flocks on sowings. 

The wood-pigeon, the largest kind, prefers coniferous forest 
(spruce); the stock-dove, beech and mixed forest of broad- 
leaved and coniferous species; the liirtlo-dove, the smallest 
kind, lives near water in small woods among li(,‘lds and 
meadows. The wood-pigeon is one of the worst enemies to 
agriculture. 

2. I'roU’clire Jtiih'S. 

Those already given under the general heading ajiiily here. 
Scarecrows are only useful at first, as the birds soon got used 
to them. Ktrowing seed-beds with sjiruce-noedles instead of 
moss protects against tnrtle-dove.s. ,Shooting is best done at 
the breeding season with decoys, or over salt. Small vessels 
containing salted clay, anise, hempsced or wluiat arc jdaced; 
here and there over the endangered sowings, and the pigeons 
flying down to them are shot. 

Section IV.— Jays and Nutciuckeiis. 

1. Diwiage Dime. 

The jag is extremely destructive, eating acorns, beech-nuis, 
walnuts, hazel-nuts, cherries aad other fruit, digging-up ger- 
minatiug beech-nuts and young oaks to eat their cotyledons. 
It also destroys the young and eggs of other birds, and even, 
attacks new-bom hares. Once it has discovered a sowing of 
acorns, it will completely strip the bed. In acorn sowings in 
the Forest of Dean in 1899, it was found that, when the turf! 
was broken up over the lines of sowings, the birds jiicked up^;! 
most of the acorns. When the turf was taken up and] 



-’M. 




over the aeorna, the birds did not recognise the piaci 
^ktid left the acoras alone. 

At the same time, by placing acorns and beech-nuts singly' 
; in holes in the ground, wliich it afterwards forgets, it assists 
■ in the spread of tlie oak and lieecli. Of more value is its 
■power of attacking mice and insects, but the good done is less 
.than the harm effected in other ways. 

The miU-riickn, though not uncommon in the spruce 
forests of the Schwarzwald, the Bavariiin Alps, tho Tyrol and 
Switzerland, is rare in (.'entriil and North Oermany, and in 


the British Iski.s. Its food consists of hazel-nnt.s, acorns, and 
beech-mast, and (!S])Ocially the seeds of the CVnibran pine, of 
whicli it is so fond as to pick them out of sowings and seed¬ 
beds in the very presence of the workmen who arc sowing the 
seed. It also liestroys the eggs and young of useful birds. 
This extremely restless bird also sows seod.s, and in this 
respoct is more useful than the jay, as the localities it prefers 
in the liigli mountain regions arc those where planting is 
extremely costly, and any assistance to man’s action in 
rehmsmeui is of great value. 


2. I'liiirdiri" Itidi'a. 

(iovor U]i endangered sowings with branches of thorn-hushes, 
immediately after sowing. 

Shoot in autumn, when jays keep flying from one oak to 
another. Several hundred jays are thus shot every year in 
Enning Forest. 


Skotion V.— Pinches, .\nd othee SsiAttf^iBiEDs. 

1 . }>ama(je Ikme. 

The hmfinch, rare in the British Isles, is very fond of 
fruits and seeds, especially those of the hornbeam, cheny, 
iTOaplos, oaks, beech, alder, elm and conifers. The traces of 
jta activity are seen in the remains of the fruit lying under 
.'the ti-ees. It also bites-off buds. In general, however, the 
.damage done by this bird is greater in gardens and orchards 
$hau in forests. 



AND OTHM SMALL' niSSS. 
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f'The greenfinch feeds its young on soft seeds, and Isy thus 
;^destroying countless weeds it is of great servii-o to the 
gardener and agriculturist. Tjator on in tlio year, however, 
it unites in large flocks with the chaffinch and othoi- finches 
and small birds, and they may do 
much damage to sowings,in the 
forest. 

The chdjliiich i,s extremely fond 
of coniferous seeds, those of the 
pine, spruce, and larch, and bites 
off young cotyledons of conifers as 
long as they are covered liy the 
te.sta. It also eats beoch-nnts, 
and the cotyledons of beech- 
seedlings. 

The bramhUiig appears in the 
late autumn and winter in lai'ge 
flights like clouds, and attacks 
bocch-nuls and coniferous seeds, 

De Montbeliard states that in 
17()d, after a good bcech-nm.st 
year, for several nights (iOO dozens 
were killed near the Ithine, and 
de la i’ontaine computes a flight 
of bramblings in Luxemburg in 
February, 1805, at CO millions. 

Stevenson in March, 18Co, saw a 
flock of bramblings near Slough 
which passed him without inter¬ 
mission for 85 mmutes. Botii 
this species and the chaffinch are 
! extremely destructive to coniferous 
■■ and beech sowings, and to natural 
reproduction of beech, which it is extremely difficult to guard' 
against them. 

The siskin also appears in great numbers, and jirofers the 
seeds of the alder, but also attacks sowings of bireli, spruce, 
i silver-fir, larch, and other conifers. Bometliing may be said 



Fig. 54.- 


-Spniee-cone atttujked by,, 
cTosubill, 
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msecis; the hawfinch frequently catches cockchafers evwj 
when they are on the wing, and then, perching on a twig^^; 
picks them to pieces, letting the hard elytra and legs fall to 
the ground. 

CrosshilU are extremely ravenous, and appear in swarms 
when there are good seed-years of spruce and Scots pine. 
They live on the seeds and berries of trees of several species. 
They bite off cones by the base, and open out their scales 
with their beaks and pull out the seeds. The common cross-, 
bill can only open spruce-cones, but the parrot rrosnUll also 
attacks pine-cones. They eaf mountain-ash berries when 
cones are scarce, and even thistle- and dock-seed, and have 
been seen to eat Ijcech-cotyledons. They do some compensa¬ 
tion by eating plant-lice. 

‘2. Protective links. 

Blue strings may bo placed crosswise over sowings. 

Bed-lead can be applied to the seeds in the following manner: 
In a wide vessel, water and 1 lb. of red-lead are stirred loJ 
gether, and 7 to 8 lbs. of spruce-seeds mixed up with it, abo^ 
1 lb. at a time, the water in the vessel being constantly ||irt^ 
until the seeds wilt take up no more of the lead. The''seeds 
can be sown at once without drying. This costs C)d. per lb, 
of seeds for labour and material. Dilute carbolic acid may 
also be apjilied to seeds, as already mentioned. Scarecrows 
are of very little use against finches. 

: The seed-beds may be watched during the dangerous time, 

. and blank cartridges fired. 

fi A good plait shoot some of the birds, and hang the 
liOdies to stakes near the seed-bed. 

Uones bitten off and dropped by crossbills may be atili8ed‘ 
'ilto secure the seeds remaining in them. 


Suction VI.— Woodipbckees. 

I*' The question whether woodpeckers are useful or hurtful toi 
Crests has been a subject of dispute, and will be her«^ 
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1. List of Woodpeckers. 

In Central Euroi)e the follo\Ying si^oies of woodixjckors tire 
found:— 

Black woodpecker (IHcim martins, L.). 

Greater spotted woodpecker {Dendrocopus major, Koch). 

Intermediate spotted woodpecker (iK nicditis, Koch). 

Lesser spotted woodpecker {!>. minor, Koch). 

White-backed woodpecker (/>. lenconahis, lichst.). 

Three-toed woodpecker {ApteninH tridactiihis, (iould). 

Grey woodpecker {Liens canns, Gmel.). 

Green woodpecker {Liens viridis, L.). 

The two last species are termed ground-wooilpe.cliers. Of 
these the green woodpecker is the commonest in Britain, tirtd 
1). major and minor also occur. Nos. 2,1!, and 7 are said to 
be commonest near Giessen, where Hess resides. 


2. Opinions (f rarions Anlhors. 


Opinions regarding the utility or otherwise of wood])eckerH 
from a forestry point of view have varied from time to 
time. Towards the end of the eighteentlr century tiiey were 
considered hurtful l)y pecking holes into trees wliicli were 
sometimes sound ones. 


In Beckmann’s “ Handiiuch der Jagdwissenschaftpuldisliod 
at Nuremberg in 1802, this opinion was adopted, and in conse- 
queneO a reward of ‘id. per head was offered in Germany for 
their destruction. Bechstein was the first, in 1802, to consider 
them useful, and Walther in 1803; also Gloger aliout 1860. 
Foresters then went to the other extreme, considering wood¬ 
peckers as extremely active in destroying insects, and ignoring 
their propensity tor making holes in trees. Altum in his “ Forst* 
' zoologie” reverted to tlie former opinion, stating that wood¬ 
peckers were practically useless against dangerous bark-beetles, 
;but attacked the larger and less important longicorn-beetles, 
land that they themselves did considerable damage to trees. 

Altum wished, however, to protect woodpeckers on asthetiq 
; grounds, because they enliven the forest and please the eye.; 


f .Altnm’s views to a certain extent. 



A(!AiNSt''MS 


^Sbrier, Vogt, the brothers Miiller, Taschenberg, Borggreyei’ 
fcirdlinger and others consider that the utility of woodpeckers 
'Utweighsthe liarm they may do, and Hess expresses himself 



Pig- 65' Scott* {)iuu cones llxod 
into a Uce by woodjwcker 
(J na(. a/zc]. 


Fi{f. 50,—Sjtrucft cttue attacked by 
woodpecker. 


^ of the same opinion, from the most recent observations on 
the subject. 

3. Damage d<me by Wood 2 >i'cker». 

Woodpeckers eat forest-seeds, peck wounds in saplings, and 
bleSifi sojmd^^oles and trees; they girdle sound trees and 
destroy telegrapn*^leB and wooden roof-shin^. 
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It. Dnirwtm of ftoods. 

Dendrofopm major alono of the woodpeehcrs ratn large 
quantities of coniferous seeds. It 
wedges the cones, which , it has 
plucked from trees, in a cleft in the 
hark, or in nn angle between a stem 
and a branch, and opens them out 
and removes the seeds with its bill. 

We can distinguish between the 
action of the woodpecker and cross¬ 
bill in this reSpoet. Frequently the 
ground under a t)'ee is covered with 
opened-out cones. Also walniils, 
hazel-nuts, acorns, and other fruits 
are eaten by the great woodpeclnu'. 

The damage done i.s not, however, 

%ry serious, as woodpeckers are solitary liirds. 



Filf. <if Si'nN [inio 

fUIiH’ki’il Ity Minxljx<k(*r, 


/i. fWkint} hi Ti'pn. 

The black and the g>eat woodpecker do most of this damage, 
and attack isolated trees and saplings. The woodpecker also 
attacks freshly planted saplings of oak, be^ch, acacia, exotics, 
etc., and the reason for its doing so is not voiy clear; in 
coniferous woods it may thus free the beak from resin derived 
, from the cones it has been attacking. 

Older trees are also attacked, such as avenue-trees (poplars, 
limes), oaks occurring in coniferous forests, boundary trees, etc. • 
Most of this damage is done during spring and early summer 
i but it is too rare to be of any practical importance. 

'4 (. (lirdUnij Trm. 

The same two woodpeckers, while hanging to the trunk by 
tti^ir feet with the support of their tail feathers, encircle trees 
with rings of holes arranged horizontally. A callus forms at 
'each hole, but is pecked at again and again until quite a ledge 
_ha8 been made round the tree. Trees may sometimes be seen 
;?fith several such ledges, one above the other, resembling the 
[tings on bamboos. The reason for these attacks on sound 
Hcees has not yet been discovered (Fig. 58). 
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» Einjf, vritli bark still 
Tamaraiag. 

Ik Ditto, bark half rmnoTail, 
f Ditto, bail entirely re¬ 
moved. 


d. DenitKction of Ttdeffrdph-PosU, 

The great woodpecker as well as the ■ 
black and green woodpeckers share 
in this damage. Attacks have been 
observed lioth on coniferous or oaken 
posts, whether kyanised, or not, and 
generally commence at an old screw- 
hole. In 1881, the Director of Post- 
Offices for the German Empire issued 
a circular order that all holes in 
telegraph-posts should Be filled with 
wooden plugs, and that holes freshly 
made by woodpeckers should be at once 
smeared with tar. Injuries done by 
woodpeckers to the wooden shingle 
roofs of forest lodges and other solitary 
houses have been noticed, but are rare 
and unimportant. 

4 . VtHiti/of Woodpeckers. 

II. IlcMrttHkm of Inserts.. 

The injurious insects, which wood- 
jkockers devour, live either in or on the 
surface of the soil, or in the wood or 
bark of trees, and the latter kinds are 
preferred. 

Woodpeckers chiefly seek animal food 
from April till late summer. They 
capture cockchafers, pick grubs from 
fruit, and eat the pupse of moths and 
sawflies; they dig into ant-hills, con¬ 
suming numbers of ants, which are 
said by Yarrell to be the chief summ|r 
food of the green woodpecker, and they 
peck holes into the ground in search of 
cockchafer grubs, wire-worms, etc. For 
the most part, however, they hunt ou 
trees for weevils, bark-beetles, longioom- 


beetles and their srubs. sawflv larvae, eall-insects. spiders, et<!» 




' Fig. W RtoT^s ft Scots pine stump attacked by Woodpeckers 
n search of insects. 

The tongue of woodpeckers, owing to its construction, is ex- 
remely useful in the search for insects; it isx'ery long and tUin,^ 
md is furnished near tlie tip with a few stiff barbs pointing back- 



Ki}?. .'>0. Sfors xtump visilttl liy 

{dfkr Altnitt.) 

vards. Tho cornua of the hyoid bones, which support it, curve 
•ouudtho back of the head to its upiier surfaci!, terminating in 
i cavity in the Imnes of the beak, and their inobility and gnsat 
englh allow the tongue to be freely extended. The woodpecker 



<t Head of woodpecker (Piras mnm, Omel). h Tip ol tongue with barWd hair*. 

A Comuu of the hyoid hone, t Ojiening in the maxilla for 
n Nostril. tke cornua. 

0 Ear. a Tongue, 

a Salivary gland. 

darts its tongue into cracks in the bark, using the barbs for. 
detaching the insects, which are captured by adhesion to the 
alimy surface. . The spotted and ground woodpeckers hunt in 
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manner more or less throughout the year, the formei 
:«hiefly on trees, and the latter more on the surface of th( 
fground. 

k Woodpeckers delect insects by the senses of sight, smell anc 
liound; it is not yet decided which of these is jiredominant. Il 
-eannot be denied that they prefer tlie large but less harmfui 
'-larvae of Ceramhicklae, Comm and ShrT, to the minute larvae 
|of weevils aud^ark-beetles, l)ut rciieated observation showe 
.that they are mso keen hunters of Ihe latter. Amongst ^e 
most hurtful speeies wliich they ileslroy may be mentioned 
PimuJrs jviii, L., P. ao/ii/as, Fabr., MiiflojihihiK pitiipenln, L., 
and HylaHtn paUiahti, Gyll. The damage done l)y the black 
and ground woodpeckers to ant hills may indeed be classed as 
injury to the forests, to which ants are useful, but living larvae 
of parasitic beetles are, when present, often preferred to ants 
by the woodpeckers. 

h. yitlijiriilitiii ill. Tri'i’.s. 

Woodpeckers cannot, make nest-holos in trees without 
injuring them, but this is done chiefly in the case of sofl- 
■Wooded species, the aspen, lime, etc., or in rotten old hard- 
i'Woods.* The damage done is not great, and the holes are 
subsequently used for breeding by several useful birds, 
^starlings, titmice, and flycatchers, the former frequently 
driving the woodpeckers from a new hole they have just made, 
>ui order to build their own nest there. 

5. Snmmai'y. 

p The result of investigations into the utility of woodpeckers 
Iteads to show that these birds by their activity in the destruc- 
pon of insects play a most useful part in Nature, and should 
pierefore be protected by foresters. Hess holds the same 
l^ews as Borggreve, that all useful birds tend to prevent an 
^due preponderance of insects, keeping their numbers more 

less normal in ordinary years. In case of a great insect 
f^lainity, however, the action of birds is inadequate to protect 
i the forests; ichneumon-flies and fungoid diseases eventually 
Iput a stop to the plague. 
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FOREST INSECTS. GENERAL ACCOUNT. 

Suction 1.—CLAssincATioN. 

Ento.moIjOgy is the science ilealiiig willi insects, which holonj 
to the division of the auiiiml kingdom termed .irlhrojiiida 
including all animals the bodies of which are hilntin-all.v syra 
metrical and composed of segments, that is, of succes.sivt 
tvansverse divisions which present a more or less c.onipleti 
lecurrence of structural features, and which have articulatec 
appendages. The body and its aj)[iendages possess a liardenei: 
exterior, formed of a substanco termed c/i/O/i, similar ir 
character to, but not identical with, horn, and tlie musclw 
are internal, and attached to the external skeleton. The syni- 
metry of llie successive segments is not complete fi'om eml It 
end of the body, and is more evident iii the body-walls and 
their apixmdages, than in the viscera. The segments arc 
aggregated into delinito groups, tlie compoueuts of which are 
more nearly related to each other, particularly in the structure 
of their aiipendages than to the segments of the other groups. 
This form of segmentation is termed lidrronotmms. T|| 
nervous system consists of a double chain of ganglia placS 
along the ventral surface of the body, connected with each 
other lougi,tudinally and transversely by uerve-commissuros, 
and traversed anteriorly by the digestive system; the vascular 
system is dorsal. Kespiration is eHected in various ways. 

The four great Classes of Arthropoda are:— 

1. Crmtacea: respiring by branchiae or gills, or by the 

general surface of the body; with two pairs of anteniifc and 
more than eight locomotive appendages, the latter forked or 
hiramous. Crabs, lobsters, shrimps, wood^jee, etc. 1 

2. Arachnida: respiring in various ways, usually air- 
hreathins: head aad. thorav united ! 



»d four pairs of legs; abdomen destitute of limbs; iiaj 
itennae. Scorpions, spiders, and mites. 

3. M-yrtapoda: respiring by tracheae, or involutions of the 
itegument; head distinct, remainder of the body formed of 
early similar segments; one pair of antennae; three pairs of 
iws and numerous legs. Centipedes, mil!ei>edefl. 

4. Inaecta: respiring by tracheae; head, thorax, and 


bdomen distinct, one pair of antennae; three pairs of legs 
n the thorax; abdomen without \Tell-devolo[)ed limbs; 
enerally with two pairs of wings on the thorax. Insects. 

A knowledge of the general anatomy of insects, and of the 
arms used in the present book in describing the different 
peciiiB, is presupposed. 

Insects as a general rule before attaining maturity pass 
hrough a series of changes termed metamorphoses. 

The different stages of their life consist of the qit), lana, 
mpa, and imayo or perfect insect. Some insects, such as 
(arasitic lice, do not appear to undergo any metamorphosis, 
he young on hatching-out resembling tlieir parents in all 
espoets except in size, although tlieyluay iiwiill, or shed their 
kins frequently; they are known as omclalmlk insects. 

The larval stage is essentially the stage of growth and of 
ajtive feeding. Tlie larva undergoes several moults or vedysa, 
lever jiossosses wings and is incapable of reproduction. 

The larvae of insects may he destitute of legs, as in the case 
if fly mayguU, or they may have three pairs of true legs, on 
first three segments after the head, as in the cockchafer 
ml), or in addition to these, two, five, six, or seven pairs of 
dasping feet, or prohys attached to the abdominal segments, 
)f which the pair on the last segment are known ^s the anal 
urdi’ge or clmpers. The larvae of Lepidoptera aro termed 
^crpillare. 

The pupa of insects is usually inactive, and is protected by 
iis dried and hardened skin; frequently, as in spinning 
Lepidoptera, it is surrounded by a protective case termed a 
cocoon, and constructed by the lai-va. 
f In the case of c^ertain insects, as gi-assliopiiers, the pupa 
differs from the la?va only in having rudiments of wings; it 
is still active and feeds, ^d is t^ed ij’tiiiiA. . Surii a 
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fl converted into the imago by the liberation of its wings at 
,he last moult. 

The insects which undergo metamorphosis arc consequontly 
divided into metabolic insects, or insects with coinpleto meta¬ 
morphosis, in which the pupa is .luieseont ami does not fecal, 
and in which =^egi-eatest weight ami bulk is attained at the 
end of the larval stage; and into hcmi-metahohc insects, in 
which there is an active-HC/mp/c and the imogo is the bulkiest 
and heaviest form. Metabolic insects form !t5 per cent, of the 

whole class. , , . t 

Insects may be grouped cither according to the structure of 

their bodies, or their mode of life, and Entomology uses the 
former of these characters in their classiliealion, but m oies 
Protection it is of greater convenience to study Uie lallcr. 

Much difterence of opinion has existed regarding the classili- 
ation of insects. The simplest method, based on Urn systems 
f Linnaeus and Fahricius recognises seven Oi-ders. mo 
ormcv nalnralist relied principally on the structure of wings 
n distinguishing the different orders of insects am ho la to 
m the parts forming tlie insect’s mouth. Ihe O.dus may 
dsobe arranged, according to the degree of completeness (if 
heir metamorphoses, in two groups containing the iHcUtboltc 
md anu'lahoUc insects respectively. Though the degree of 
metamorphosis is of the first i.uportauce as a guide to the^ 
systematic position of an insect, it is not, when alone, 

of the highest value in classification, as it caimot he dwide 
by mere obsenmtion of any particular insect, without study 

'^^CeiilintrLrs who have attached great weight to structural 
differences, particularly of the wings, have increased tIm 
number of Orders to thirteen (Westwood) or sixteen ; 

The groups which have beefi raised to the rank of additional 
Orders are of minor importance, and contain as a 
number of aberrant forms. In the present work, 
and most generally-received classification will 
which the Insects are divided into seven Orders, cbaraetensed 

^^h^OrLptmi: with biting mouth-parts, a free prothorax,; 

' Oockroaehes, crickets, locust^. 
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^lermites or white ants, and dragon-flies, are examples of thil 
order, the two latter belonging to a sub-order termed Orthoptera 
peendo-iiaiivptcra. In this sub-order the head is horizontal 
and the wings membranous in texture; in the true Orthoptera 
!(a tienvina) the head is vertical and the wings are stronger 
and of a more leathery consistency. • 

' 2. Neuroptira: with biting mouth-parts, a free prothorax, 
two pairs of uioinl)ranous richly-veined wings, and complete 
metamorphosis. Lace-winged flies {Chrysopa and llmcrohins) 
are examples. 

8. ('olenpkra: with biting mouth-parts, free and strongly- 
developed prothorax ; two pairs of wings, of which the upper 
are horny, protective and not used for flight, being known as 
wing-cases or elytra, and the lower membranous; complete 
metamorphosis. It includes all beetles, of which the common 
cockchafer may be taken as a type. 

•. 4. llymcuiiiitera with bilmg, or biting and partly suctorial 
mouth-parts; the prothorax fused at least dorsally with the 
y|nesothovax; two pairs of moinbriinous wing.s with com- 
*^aratively few veins, sometimes apterous ; willi complete 
;,metamorpliosis. Lxamplos: bees, wasjis, auts, and sawflies. 

'i 5. Lepidoptrra: with suctorial mouth-parts, the protborax 
’ annular and fused with the mesothorax, two pairs of mom- 


.branous wings covered completely or partially with scales; 
‘complete metamorphosis. The butterflies and moths belong 
; to this order. 

6 . Dipiera : with sucking mouth-parts, an annular prothorax 
with the mesothorax, one pair of well-developed mem- 
^ihranous fore-wings, the^id-wings rudimentary and reduced 
jlto small stalked knohsipbriuing thif^o-called pokers. Com-* 
':.|)lete metamorphosis. This order includes all flies, 
y; 7. Ilemiptera : with sacking month-parts, a fre# prothorax, 
&ud incomplete metamorphosis. Bugs, aphides, and scale 
msects belong to this ordet. 

P Forest I’rotootion deals with fofesl insects only, namely, 
llhose insects that affect forest plants either prejtuUcidly, or 
^^ficidly, and this either directly, or indirectly. Injurious 
paseots have a direct influence on forest plants by biting,- 
ilacking, or killing them. Both injurious or useful insects; 
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.'Wy be killed by other insects, which are tlius imUrcdly useful 
or injurious. 

The vast importance to foresters of forest insects, tlie 
enormous amount of damage which these small but mighty 
. members of Nature’s household can effect, combined with the 
fact that, owing to their small size and obscure mode of life, 
they escape observation much more readily than injurious 
vertebrates, render it necessary to spend more tim(i on ttieir 
study. 

A full account of the anatomy of insects will not bo allempted 
here, and Iho-works of Altuin, llatzeburg, etc., may bo referred 
to, the most comprehensive woik on forest iiisocts bimig the 
revision of the 8th edition of llatzoburg’s book by .Imleich 
and Nitsclie.' 

The following works also merit attention; .otb lleport of the 
United States Entomological Commission, " Forest Insects,” 
by Dr. A. S. I’ackard, Washington, IH'.tO; ” Slanual of Injurious 
Insects,” by Miss Ormcrod, Loudon, Messrs. Simpkiii, Marshall 
A Co., 181I0; “Indian Forest Zoology,’' by E. C. Cotes, 
Calcutta, ISyy; and “Injurious Imsects in Indian Forests,” 
by E. J’. iStebbing, now being published in parts. “ Deitfaden 
der Forslinsecteiikuiule,'' by llr. Nusslin (I’aul I’arey, Berlin), 
an excellent work foi' students. lilOo. .Mr. A. T. Gilbindors 
is now bringing out a comprebeiisive work on Forest 
Entomology. 

Section II.—DisniiiiuiioN or Insects. 

The geographical distribution of insects may be considered 
both lianzontally and rcrlkdltj. 

As regards the hurLonld distribution of insects, the local 
mobility or the wandering nature of many species precludes 
the possibility of defining zones similar to those laid down for 
plants. It may l^e stated roughly that there are, in Central 
Europe, fewer species in the north and east than in the south 
and west. Beetles, however, form an exception to jhis rule, 
being more abundant in the north and east. As instances of 
special areas for certain insects may be quoted: The ash-cicada, 

I. • “ I.ehrl)ucl> (lev MiUcieutoiiaiscUcu Fg|sttB»ektonkuutl« ” (als .vijite Aufluge 
vwi Katj'i.'buuj'* Die Wsldvcticrber uikI ihre Fcimk) liwaiMf't.’gci.Kiu tun 
Cr. J. F. JndeicU u. Pr. H. SiWcUe. Vienan: Edimrd Holsel, ISSit—S.j. 
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fhicli does not occur north o{ the river Main; the oak proces- 
iou moth is commonest in north and east Germany. The; 
haracter of the insect fauna is, however, generally similar 
■ver the whole of the Palmarctic region, which includes 
Surope, the northern coasts of Africa, and Asia north of the 
treat mountain chains that cross it from oastdio W'cst. The 
lumber of species extending over the whole of this region is 
omparatively small, and there are no zones in it in which 
he character of the insect inhabitants is abruptly changed. 
Ls compared with continental regions under similar climatic 
onditions, the insect fauna of the British Isles is poor. 

■As regards allitudc, the distribution of insects depends on 
hat of the trees and shrubs on which they feed, and also on 
ocality and climate. Most insects prefer the warmer plains 
md hilly districts, especially with a sandy soil, where beetles 
brive. Soils naturally poor and those impoverished by 
■eraoval of litter, sunny asiiects, frost-bollows, and stunted 
vegetation are natural breeding-grounds for insects, and 
•equire llie most careful supervision on the part of the 
iorester. The niimbor of species and of individnals alike 
liminishes with increasing altitude; this is especially the case 
ivith Lopidoptera, which are most dependent on climatic con- 
litions, but beetles are found at a considerable elevation in 
nouiilains. Certain species of weevils and bark-beetles may 
M considered as mountain insects, such as OluAhijnchm 
uger, Fabr., Tomiciis mnhrae, Heer, 7////as/fs glahratm, Zett, 
Elven species of Chemes arc found at elevations of between 
3,000 and 3,600 feet. 

Insects, especially beetles, can support severe winters. 
This was proved in 1870-1, 1879-80, the summers that 
succeeded these hard winters being rich in insects. Their 
horny elytra or wing-coverings protect them, and instinct 
impels them to creep under roofs and into cracks in the bark 
of trees, or under moss or dead leaves for protection against 
fee weather, or to burrow underground. Moreover, as their 
enemies, moles and insectivorous birds, cannot touch them 
when snow or frost covers the ground, and are themselves killed 
in very severe wintera, such weather is really favourable to 
Weect'Ufe. A warm winter, whi^ is usually accompwed.wi^ 
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iSiueii moisture, is very destructive to hibernating insects, 
especially hairy larvae, which suffer from fungoid diseases. 

Insects’ eggs and pupae are almost insensible to cold. 
Hairless lan-ac are most sensitive, esiwially at moulting 
periods. Cold damp weather and cutting winds will then hill 
them off in myriads. Stoi-ms blow larvae by ihonsands from 
the erown.s of trees. Uniformly warm year.s without heavy 
rains therefore tend to produce gi'oat swarms of insects. Very 
dry summers greatly reduce the food of some insect.^ and 
consequently their numbers. 


Skction II f.— Lii'k-1 I isroKv. 

1 . (Ii’ui'iatirf Pii'kiih. 

Insects are di.stinguished from more liigldy organised en'a- 
- ture.s by having geiieraliy a definite limitation to their duration 
. of life. The lime wbieli elapses between the egg and llio 
fresh production of 'eggs is termed a ijnu'ratiim. Tlieso 
may be unijle or amiitaJ, mullipk, hieiniml or I'liirctniiitl. 

A single generation occurs wlien an insect goes ibi'ongli all 
its stages within twelve months (not, however, within a single 
calendar year), and is by far the commonest. Thus, nearly all 
lii'piil'ipte, a have one generation in tho year. A few Lepidop- 
tera have luoro than one brood in the j'ear, and, still more 
rarely, the life of an individual species may exteml through two 
-.'years, as Turtrix l■^■sini•lla, L., or even longer. 

' In the case of a multiple generation, several broods are pro- 
-Cduced during twelve months, so that the respective stages, 
eggs or larvae, of the same sireeies may he found in different 
months. A double goneration is here commonest, as, for 
instance, in the case of many hark-kotles and sawflies. 

' Many plant-lice produce five or more generations in a single 
^ summer, and the Bengal multivoltlne silkworm completes a 
(generation every month, except during the period from 
vlfovember to February. Three broods are sometimes pro- 
fduced within two years, for instance, by Tomieuu hiileiitatm, 
j/Hbet., but such Mses are rare, A jMiremdal generation 

tbftfc tllft ialrAA ffiftin An<» vi*ar inr if.fi full 
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' development, for example, two years in the case oi longicorn; 

• beetles and Sircr, and three or four years for the cockchafer, t 

Of the several stages of the insect, that in which it hiber¬ 
nates lasts the longest, and is generally the larval stage. The 
egg and pupal stages usually last for about two to four weeks 
; unless they happen to be the hibernating stage, and eggs laid 
after Midsummer do not generally hatch out till the succeeding 
year. As a rule, the imago stage is the least long-lived ; but 
with lieetles this is not the case, as the images very frequently 
, hibernate. Many Ih/mcnoptera are long-lived insects ; bees, 
for example, live four or five years. 

* F. Riihl, of Zuricli,* has observed the life-period of a 
few beetles in their various stages : eggs, 5-44 days ; larvae, 
47-1040 days (many longicorn larvae live longer); pupae, 8-39 
days; beetles, 3-00 days. As a rule, insects with fully 
developed se.xual organs live for a short time only, while 
unsexual insects live longer. 

Many families of insects, for instance, bark-beetles, have 
irregular broods; the state of the weathei;, and the quantity and 
quality of their food may cause the development of one, two, 
or even three broods in a year. On the other hand, certain 
circumstances, such as unfavourable weather, want of opjior- 
ll'tunity for pairing or for laying eggs, may not unfrcquently 
cause delay in a brood. Thus, for instance, a brood of the 
pine sawfly {Lophi/nis y'mi, L.) has been known to extend 
over IJ to 2 years, instead of there being one or two broods in 
the same year. 

2. Ilahitat. 

The habitat of insects varies according to their state of 
development and the season of the year. They are sometimes 
found on or under the surface of the ground, or on woody or 
herbaceous plants. They generally hibernate under the soil- 
CQve ring, or inside the bark of trees. As a rule, all insects 
I material on which they feed, but many wander'. 
^ against their will, as when they are blown into 
>m8 of wind. They generally endeavour to return 
er abode, as in the case of bees and ants, 
imples of insects that have been imported to Europe! 

,• •• CeotmtUatt QtS. yatstwese^" 1888^ p, l^. 
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Theionppornbeetle, Graeilia pyiirtuita, Fnbr., which cnme 
'to Germany in the hoops of casks made of willows or oak. 
Species of Li/rtus were imported in Australian wood. The 
destructive Colorado beetle {Ouri/phora (Im-i'mlini’iiia) came 
•from America with a cargo of jwitatoea. The phylloxera 
(/'. rastatrir, Planch) on American vines. 

8. MiihiUly. 

The mode and degree of rapidity with which insects move 
may he usually inferred from the structure of their oi'gaus of 
locomotion. Some insects have legs for running, as ground- 
beetles; for jumping, as fleas; for digging, as crickets; for 
swimming, as water-beetles. 

The iraagos run or fly ; their course l)eing rapid {Camlms), 
or slow (i'framhyj ); their llight is eitluir fast (IIihiiIkis), slow 
{Mihhmlliii), irresolute {I'lipiliu), or hovering pSyryi/uo.-); ex¬ 
tended (Stphyiir pinastri, L.), or short (t/ry/fiuil. The flight 
of the S * is heavier than that of tlu' J , especially when she 
is laden with eggs. 

The mobility of the larvie depends largely on tlie niimljor of 
their legs ((!, 8, 10, Ifi, 18, U‘2), all 1ml six of which are soft 
and fleshy prolegs. Many lepidoplerou.s caterjjillars assist 
their movements hy spinning threads, sucli as tliose of many 
Bomhyces, Geometers and Torlrices (f.y. Tmim: viruhuu, L.) 

4. /'(M/d. 

_ Metabolic insects feed only as larva; and imagos, and chiefly 
in the former stale. Thus, the food of butterflies and moths 
limited to the nectar of flowers. Some l)eetles, however, 
are destructive as imagos only (llyhhku ahictu, L., etc.). 
JAmetaholic insects also feed in the pupal stage. The appetite ' 
fbf lai-vae in toth groups is enormous, and there are larvae 
^which eat daify more than their own weight of food. 

I;’ Insects may be termed carniroims or phijtoplmgom, according 
their diet is animal or vegetable. Most jjnsects useful to 
'the forester belong to the former category, whilst plant-feeders 
tare all more or less injurious. 

r: • The symbol ! denot/a the female, s the mate, and b the worker, or 
SmpatKt female. 




K in ftccoriance with iheir choice of nutriment, insects iha|| 
he classed as mono-, poly- or pantophagoim. MonophagouS 
insects only attack certain plants or at most a group of plants^ 
such as broadleaved, or coniferous trees. Polypbagous insects 
attack trees of both kinds, whilst pantophagous attack herbage 
as well, and are least numerous of all.* 

Observations are not yet complete regarding the monophagy, 
or polyphagy of certain insects. The hitherto accepted 
monophagy of some insects has often been upset. TomiaiB 
typoynphis, L., and T. amitinns, Eiehh., formerly considered 
exclusive to spruce, have also been found on Keots pine’and 
larch. MydophUiis pimpcrda, L., lias been found on spruce, 
as well as on Scots pine. In tliis respect, the ob.servation of 
beetles is more difficult than of Lepidoptera, that live in the" 
open. 

Even amongst carnivorous insects, monophagoua and poly- 
phagous species are to be found. Many parasitic insects, for 
instance, attack only a single species of motb, and in one stage 
only of its growth, in the egg, larval, or pnpal state. 

Conifers suffer much more than broadleaved species from 
insect-attacks. They afford nourishment to a greater number 
of injurious kinds, and do not recover from damage so readily, 
as they cannot replace injured members so easily as broad¬ 
leaved trees. The Scots pine and the spruce are attacked by 
the greatest number of species of insects, and pure woods of 
these trees suffer most severely. Amongst hroadleaved trees, 
hak, heeeh, poplars and willows suffer most, the birch and 
alder less, and less still hornbeam, maple, ash. Least of all 
robinia, mulberry, walnut, plane, sweet- and horse-chestnut, ^ 

; Suppressed, weakly, and injured or diseased trees generally 
Stiufler more from insects than healthy trees ; at any rate this 
^holds good for mature trees with thick bark. Hence injurious 
insects increase and become more dangerous wB!fen trees have' 
suffered from various climatic or physiological injuries, on 
&ose caused by abrasions, bad pruning, etc. 
i; Species of insects which live on dying, dead or rotten wood 

f ' 

f/., • Tiij* definition is that of Hess. Ab a rule, entomologists would hanlly 

a species that feeds imilfferently on Pieea^ Pinm, and iMrix monopliagona,. 

would reserve the term those insects whose diet is limited to a single' 
^ii^eoies or genus< 
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oi no importanee to the forester; sneh aw the stiiK-beetle 
:(Lueaum cemcs, L.), and many species of AiidhiitliU' and 
Cf'mmbycidae. 

Many insects confine their attacks to fully-grown or old 
kees; others attack only young plants {niihiUiin aliMx,L.); 
others attack trees of all ages (Mj/rhiyhihiH yiniperdu, L.). 

The attack may he on the roots {(Iri/lliudim riiliiims, L., 
Mehloviha rdfiarig, Fabr., in the larval, state); on the bark 
(most species of Tomiem mi ’Ihjksinm)-, on (bo wood 
itself (Tryjiudmlim liimfiim, Gyll., species of Siri'r and 
Ceramhyx); on the leaves or needles {Chr/immila and 
most lepidopteroHS larvae); on buds {Ciirciiii<iiiid<ti\ Tnrlri.i- 
hioUami, Schiff.); on the blossom {.liithouomiis jinmoniinji.) ; on 
fruits (Balaiiiiiiis tiiiniiii,L., Carpaeuygii pimmidhi, L., 'l’«rtvlr 
strobilfela, L.); on the pith {M’li'bijihihui jdiiijii'ida, h.). 

Many insects by biting and sucking produce miiltonnations 
termed (/(lUs on loaves, shoots, fruits, etc. ((’,v»iji.s. Aphis, 
Cecidowyia, Cheniics and CucAdai’iOtc.); such damage is easily 
discernible, but is of subordinate iinportancn. 

Damage by insects reduces the production of good sofd by 
the trees attacked. Dr. A. Jlosaeus investigated tlu! seed of 
Boots pine from trees attacked by and free from leaf-larvae, 
obtaining 1 and 45 per cent, of good seed respectively. 


Section IV.— Numbeii. 

The number of individuals of a particular insect ihat mayf* 
coexist is in many species limited, tint in others may attain 
vast proportions, especially under favourable circumstances. 
:Thus in 1884,* 200 square miles of sal forest (Sliorea nhusta) 
in Assam, north of the Bramaputra river, were ravaged by 
the caterpillars of Dasyihira Tku-ailm, the trees exhibiting 
complete or partial defoliation. The appearance of certain 
insects shows a periodicity, corresponding to the eleven years’ 
.weather periods. 

Fortunately, the most prolific of insects, plant-lice, are not 
ithe most destructive to forests; these creatures, according to 
BCaumur, may produce 5,0(X) millions from one female in the 

* f Forairtw,'’ t©!; xx, p.226. 



jCTtirse of five generations, and in one summer ten BtieK | 
I'generations may occur. The average number of eggs of the 
commoner injurioua insects varies between 100 and "200 
(Ilatzelmrg). Warm, dry weather and plenty of food, and 
; breeding-jilaces, such as diseased wood, or branches broken 
•by snow, are very favourable to prolific multiplication. Under 
;«uoh circumstances, insects that are generally of limited 
numbers may appear locally in destructive swarms. Besides 
the case of bark-beetles, such an abnormal increase is frequently 
met with in the case of the grey-tussock moth {Dani/rhim 
ptidilimiilii, L.), allied to that species which ravages the Indian 
sal forests. 

One favonrahle season is not nsnally sufficient to produce 
an insect-calamity, but two or more successive favourable ’ 
springs and summers. ' 

Most insects arc solitary, but many, such as bees, ants, 
certain kinds of wasps, and termites, are social and have a 
wonderful organisation, framed on the principle of subdivision 
of labour. The larva® of some moths are also gregarious. 

Section V.—Usupun Fouest Insects. 

Carnivorous insects attack other species in various ways, and 
mve been subdivided by RatzebUrg as follows :— 

Predatory inserts follow and kill other insects in every stage. 
3tound- and tiger-beetles belong to this group. 

Predaeeous parasitic insects, like the former class, seize other 
nsects, hut carry thfim to their nests, where their own larvae 
Bed on them. Such are the fossorial wasps (Spheyidae or 
)i'abronidae) ; they first sting their prey, but without killing 
hem, and thus render them inert. ; 

Finally, jiarasilic inserts wound the larvae, pupae, or even the 
of other insects with their fine ovipositors to lay eggs in 
hem. The larvae hatching from these eggs te‘“’*he juices 
^ their hosts. Ichneumon-wasps and some 'achinae) 

rre examples of this group. 

IA (dassifioation of these insects according tolSiir utility is 
iarcely possible; of predatoiy insects, the largest are generally 
ne most useful, esnecially species of Carabm and Calosoma ., 



H^Aof'W "’is’SBcft. 

’^neumon-^v'asps and parasitic flies increase, in nmnflers in 
■roportion to the abundance ot tlieir hosts, which bring about 
n insect-calamity; they tlius assist in suppressing it, whilst 
ither animals, incapable ot rajiid mnltiplication, can only beep 
‘own the numbers of injurious insects in ordinary times. 

Sectios Yl.—iNJVinoT’s Forest Insects. . 

1 . Tiu)nn(fi‘ dniii'. 

The gi'oupiug of insects that are injurious to forests may 
follow either the dcgri'f uj'd(imfiti<‘ done, or the Idiid oj damaij,’, 
or nature of the attack’. 

<!. Dci/ri'i' of /htniof/c. 

In accordance with the amount ot damage they do, wo may 
distinguish forest insects as d.ridrdhi, oi 

dhihlhi injimoiu. The degree of resi.stance of the species o- 
tree, the. part of the tis'e attardted, ami the severity of th< 
attack, as wrd! as the aljundance and voracity of the insect n 
(inestion, decide the degree of injuriousness for any case. 1 
is, liowevcr, impos.sible to assign any strict limts to the severa 
groups. 

An insect is considered hdihln iiijurimis when hy the natun 
and duration of its attai-ks, masses of plants or whole woods 
otherwise healthy, may be killed over more or less oxtensivi 

areas. . t. i 

To this category belong, c.;/., Midnloidlm ndijimn, taor. 

Ililhddm aldelin, Fabr., Tomiais h.,<lmki\ti>atdi 

piiii, L. The two former insects frequently destroy extenstv 
areas of young plants, and the two latter large areas of fores 
Iftrees. 

Dicidedli/ injuriunx iiiifidg destroy certain organs only oitree 
iiueli as the leaves, inflorescence or fruits, shoots, or stems, ( 
:dih6y weaken and eventually ,^11 plants here and there in tl 
i tsoods. Most injurious insects belong to this group. 

I Sliffhtli/ injiirmia insects hardly deserve notice from a fore 
Ipoint of view, as they only cause trifling damage; they eilh 
Attack dead stems or tree-parts without impairing their cor 
^^cial value, or the dami^e done by them to leaves, shoot 



te., has no subsequent fatal effect on the plants, fciuoft are 
artrices and leaf-miners, and many gall-insects. 

In a time of exceptional multiplication, a slightly injurious 
lueet may become deriihdly injurious, or a decidedly injurious 
Qsect, highly injurious. A single species of insect may also 
»e injurious in a different degree to different species of trees: 
t may prefer one to another, or one tree may recover more 
lasily tKan another from its attaclts. lAparis imnacha, L., r.g., 
s far more injurious to conifers than to broadleaved trees, 
ind to the spruce than to the Scots pine. 

„ li. Kiwi of Damage. 

Insects may be classed according to the kind of damage they 
3o, as comiiiereially or yhysiolugirally injurious. The former 
class renders usoless, or greatly reduces the commercial value oi 
the part of the tree they attack, as when wood has been borec 
by Sire.r, Ce.ramhyx, Aiwhium, or Lyetus. 

Physiohiijical injury on tho contrary is that which interferes 
with the vitality of plants, checking tho growth, or even killinf 
them outright, as when the cambium of a tree is eaten In 
Tomieiis typographns, L., or the needles by Gwsi/t/ opac/ia piHi 
Xi,, or by Lipuris iiwnueha, L. 

Insects coming under the second category are therefore mori 
hurtful than those which merely destroy wood, although th 
burrows of the latter are sufficiently conspicuous. Moreover 
.most wood-borers live in dead wood. It is, liowever, possibl 
:to pay too little attention to commercially injurious insects. 

The degree of physiological injury depends on the specie 
•of insect, its mode of attack, numbers, and also on the species 
jdegree of healthiiress and age of the tree, the seirson of attacl 
lund on other local circumstances. Mention has been ahead 
;tnade of the greater susceptibility of conifers; the spfnc 
'suffering most of all, then the Scots pine, silver-fir and larel 
the latter bridging the way towa^s broadleaved trees. Youn 
trees, especially one to three years old plants, sfiffermore tha 
old ones; and injury in the spring is more hamiful thantht 
done in summer or autumn. Cambium eaters do more dama§ 
than wood-qaters; leaf-eaters more than flower or fruit-eater 
s.,»The healtliier and stronger tire attacked plant, the better. 



'mmMit 'Dom BS: INSECTS. 


169 ; 

■eslsts insects. On poor sandy soil, and in unfavourable 
lituations, frost-holes, etc., the damage done is greater than 
0 plants in good localities, as the repairing force of Nature is 
ihen greatest. 

f. Cktraeler nf fhi< Mhirir. 

The attack may he either jirimarif or st'onuhiry in character, 
[n the former case, 
healthy trees are 
injured by insects 
attacking the leaves, 
buds, or seeds; by 
many shoot-borers, 
root-gnawers, and 
insects which attack 
young plants or sap¬ 
lings. The attack 
of other insects is 
only u'citiularii, that 
is,, it is made ex¬ 
clusively, or by pre¬ 
ference, on plants 
already weakened by 
other causes (wild 
animals, fungi, 
drought, frost, etc.). 

This is specially 
true of bark and 
wood insects, which 
abound in old coni¬ 
ferous trees. The 
rich flow of tur- 
p«rane from sound 
trees would kill the Fig. or.— Oallenwiniadob)'Fat 
young larvae. Cer- « Common bore-holo. h Dirval (wisiigw. 
tain species, such as 

tbl bark-beetles of broadleaved trees, according to circum- 
Wtanoes, may make at one time primary and at another 
secondary attacks. 

fc This distinctioji k of practical importance, as nothing can 






K doiie in cases ot primary attack except to remove parts^ 
of tbe trees which have already been attacked, together with ^ 
the insects concerned; species which make secondary attacks 
Ban alone be caught by tree-traps. , , , ^ 

i Species oi insects which occur in forests, but confine their 
lavages to grasses and herbage, are of no economic importance, 
innless these products are of exceptional value. 

'■ Finally species in themselves harmless, hut which may 
■mistaken for highly injurious insects, are termed by Eatzeburg 
^dccevtive iaseef*. e.g., lAlhmn qiw<ha, L., the larvae of which 
' api'car on all conifers, as well as on oak, beech, etc., in con¬ 
siderable numbers. .It is quite harmless, feeding only on 
ichens. It greatly resembles Ijpnm iimiadia L., foi which 
it is often mistaken. Tcr,lhn;lo rin;,nlata, Fabr ; the lanoe 
feeding on bracken, which they often completely _ devour 
occupy galleries of bark-heetlcs unde.r the hark of pines and 
make galleries of their own in pine bark, without inpinng t le 
trees in any way (Fig. (ill. 'I'lie forester .must Uierefore 
learn to distinguish harmless species from other injuuous 
kinds which they may resemble. 


‘2. Hiiks. 

K. Si/li'ii nUurtd. 

Bincethc majority of injurious foreign insects, especially, 
bark-hectlos, prefer to attack sickly, stunted or weakly foiest- 
nlanls and may spread from these to their healthy neighbours, 

rules which cxi>erionce has laid down in sylvicultui e and forest 
utilisation for the formation, tending and harvesting of woods. 
In general, the following rules should be observed; 

t (i) Choices of suitable species of trees and proper system* of 

!fes«eneration. The species must be appropriate to the locality, 
Si system musfeorrespond to the nature of the sp^^a 
"Irown. It is specially important to select strong healthj 
Iplants for plantations, and to plant most carefully. ^ 
i (ii) Avoidance of extensive pure woods, es^cially m 
iferous forest. It is better to grow mixed woods, and to 
,'^.The heuji^j^,yg^ species with conifers. 
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Even on sandy soils, whore Scots pine naturally thrives, 
a mixture of Weymouth pine should be introduced, and a 
few birch, aspen and robiuia. If the pines should be killed 
outright by insects, the wood will not become absolutely 
hare. 

(iii) Careful and frequent examination of the woods for 
injurious insects. This prccautioh is most imj)ortanl in coni¬ 
ferous woods on poor, dry soil, in warm localities and 
especially during the spring. 

It is most important to keep a careful watcli round places 
where swarms of insects exist, and from which damago gone- 
rally extends in all directions. The sulxsrdinali! I'orcst >Staf 
must he instructed to recognise and alitcnd to llio signs of ar 
impending attack of tins kind. Bucli signs are: nnusualnum' 
hors of woodpeckers or cuckoos in a comiiartment; i)ilton-of 
leaves or needles lying on the ground ; spun ihreails hangiig 
from the twigs; willicring of foliage; excreiueiil. or boriiq 
refuse, or boi’o-iiolcs in the stems; exudation of resin; dis 
coloration or peeling off <if bark; and appearance of number 
of iclmeumon-wasps or tlics, etc. 

(iv) Early and frequent tliinnings, witlioiit intei-niidion o 
the loaf canopy, are desirablo. Such tliiuniiigs should r«mo| 
all forest growtli iu a snp]iresscd, sickly, or e.vcn suspicion 
condition. A forester wiio merely removes dead wood doe 
nothing to prevent insect attacks, for in it only unimitortan 
species breed. Ejing stems, are tlie favourite resort c 
bark-beetles. 

(v) Every attention should bo paid to the rules for main 
taining and improving llio quality of the soil. This is bet 
accomplished by careful preservation of the soil-covering, b 
draining away any superfluity of moisture, and iiy timol 

' under-planting woods of liglit-deraanding trees, such » 
oak, larch or Scots pine, with shadebearhig ones, beocl 
silver-fir, etc. 

'' (vi) Suitable preventive measures must be taken agami 
damage by wind, frost, snow, ice, fire or insects. Broken woo 
’ must be worked up and removed from the forest as soon e 
i'^fwsible, or at least barked. 

^ (vii) In the eh*!ir-;«i|ting s^tem, avoid large felling areas, t 



Sliat there may not he extensive tracts of even-agea wooas.* 
Beveral cutting-series should he established, by ifie use of 
severance fellings,if necessary. This gives achoiee of thefelling- 
area for any particular year, and contiguous compartments 
are not cut in successive years. Fellings should he arranged 
against the prevailing winds, in order to avoid extensive 
■windfalls and the conswiueiTt danger from barli-beelles. 

(viii) Stools of felled trees should be extracted or carefully 
• earthed over, especially in coniferous forests, as many highly 
rinjurious species of insects (Jlijhihius ahiftis, and seveial 
^ species of Jli/hi/iU'H) lay their eggs in stumps and roots. 

(ix) Kummer-felliBg in coniferous forests, together with 
careful removal of the bark. Wherever winter-felling is advis¬ 
able for other reasons, some of the atoms should he left lyinf 
as traps and barked in May, after the bark-beetles have lab 
their eggs in them. AVood felled during winter is now usually 
partially barked in strips, if it cannot bo removed before tin 
■ breeding season of the bark-1 .eetles. If, however, these beetlei 
i. do not lind wood with the bark on lying in the forest they wil 
ilay their eggs in the bark of standing trees, while the cost o 
partial barking is considerable, and it is easier to destroy th 
larva) in fallen timber than in standing trees. 

^■(x) 'J’be forests must be kept clean, the fellings rapidly an- 
tiioroughly cleared, and material from thinnings carted awa 
without unnecessary delay. 

Further preventive measures against many species of insect 
,iare; turning-in swine for “pannage,” the employment ( 
(Caterpillar-trenches, wood-traps, grease rings, etc. As, hov 
ever, these measures are remedial, as well as preventive, the 
jwUl be discussed further on. _ ^ 

(xi) Hewards should bo offered to the Protective Staff f( 
liseovering injurious insects and tor special zeal shown i 
tarrying out the rules for destroying them. 

t\' , ^ ft, of 

i'‘<kily, those animals should be protected which do mo 
|cod the dwiOTition of insects than harm in oth 



liis teliowiDg are the principal insectivorous vertebrates 


Mammah. 


All bats,* especially Vcxj^’i-Kflu iwdula, Shreb., I', dhcoliir, 
Natt., r. inpisIrAlits, Bcbrob. Tlio mole, shrews, eapi'cially 
Borcv ridiiai'iis, L., the luidgebo", pnl(!-ciit, stoat, wciisid and 
■ badger. These beasts, .some of wbicdi have boon already, 
.referred to as mice-destroyers, should be unconditioiially 
protected. 

The fox also devours numerous insects, particularly large 
beetles, and the wild jiig is very useful in the ease of insoct- 
attaeks. 

liirdis. 


The following birds deserve uueoiulilinnal lu-otoctiou 
The common cuckoo {CkcuIhh raii(>ni>t, L.); woodptsekors, 
the WTj'iieck (.7i/t/.c (oivpu'/lfl, L.); the night-jar {diqirhiiidjiiiH 
euri>iiiu;iis, L.); the swift (Ciipnidns iijnis, L.); tbo tree-creeper 
{Ceiiliia /(iiniiiai'is, L.); tbo nut-batch [Silln racHhi, WolfI; 
all swallows {llmtndo, L.); wagtails {MnlwiHi, Ij.); pi])ils 
{Anthim, JJechst.); hedge-sparrow {Arrfiitur, lieebst.); gold- 
crest {liipidiix l■|■istalus, Koch): wren (Trtududiites pitri'idne, 
Koch); redstart (It. jdioi'iik'iinu, L.); stoneebat (Stuinda 
ndiinda, Jj.); wheatcar (>S'. h .); llycatcbor (Miiscicapa, 

L.): titmice (I’anta, L.); starling (Stiinius ndparin, L.). 


The various species of wagtail eat insects and also small; 
snails, Limnai’u sp., which arothehosts of the liver-fluke {D'mtimm. 
' liepatkiim) that is so destructive to sheep. The goldcrest hunts 
; throughout the year for the eggs, larvae and pupae of in.sects' 
^and for scale-insects on coniferous trees. So do tilmic(s, esjsj- 
i cially the coal-tit {Pants major, L.), P. aU'r, L., P. nuridhis, L., 
lip. cavdatus, L., and P. rristaliu, L. The starling is especially 
Cusetul in clearing off cockchafer grubs from meadows. They 
f^ve been seen, at Coopers Hill, to pick them out of.the 
litmrsery, from the side of Scots pine plants which showed no. 


I 




Aigns of attack. The bird walks along the line and heats the 
larvae working below. It also destroys wire-worms and surface 
l^terpiliars. 


Except tlie tralt-UW, caUedln India Byins-foxw. 



Ainong Raptores, all owls except the eagle-owl (Btilo ignavtitl 
Poefe). Gulls; the black-headed gull (/>««(« nWlijouhis, Xi.). 
Jhis latter frequently follows the plough, and destroys coek- 
ibafer grubs and wire-worms. The cuckoo is exceptional 
mong the above birds for its power of eating hairy catei pillars, 
vhich other birds reject. Altum found the remains of 97 young 
Incthiaimpa larvae inside a cuckoo. 

Of owls, the long-eai’cd owl (Ash otiis, L.) and the tawny 
iwl (Si/ritiitm <iliico, Xoie) are the most useful against insects. 
The following birds merit conditional protection:— 

Passcres: fmchcH {FriiiijiHiilae); larks (Alaiuiidac); thrushes 
vl'ardw/of); the jackdaw' (Vornis numedula, L.); the common 
and hooded croW's (('. curonc, Lath., and C. coniix, L.); the 
rook (C.fnitiikijits, L.). 

The above-mentioned passerine birds do damage in various 
ways, chiefly as grain-eaters, but are also useful in destroying 
insects. Where the damage predominates, they must be kept 
down. Tlirushes and blackbirds hunt in the forest for insect 
larvae and pupae, and distribute the seeds of useful shrubs and 
trees. 

liaplori’s! the honey-buzaard (Pi'niis tipii-oriis, (Iray); 
common buzzard (Biiico ridijaris, Leach); the kestrel (ludro 
tinmoicuhis, L.) hunts crickets and cockchafers, it does no 
harm to game. 

Lmkdac ; woodcock (Sfohpa-t- nistuvla, L.) ; snipe (Oal- 
Uuapo) ; golden -plover (Chamdriiis plurialis, L.) ; lapwing 
iVanellm vulgaris, Bechst.). 

The lapwing destroys large numbers of wire-worms and 
’■eetles, aphidae, and the larvae of numerous insects feeding on 
’<^s. Unfortunately the search for their eggs is very 
jrsistent. 

The following birds do indirect damage, by killing useful 
irds or eating their eggs :— 

; shrikes (Lanim, L.); jay {Garndiw glmidarius, 
:j) j magpie ( Pka rtpttica, Scop.); raven (Vorvus corax, L.). 
Raptores: All species except those already mentioned. 

.It should be noted that shrikes kill mice and insects as weii 

i email birds. 

i,^h«piereprolectioa of birds useful to.forests isnot safihaetftj 
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naeans for promoting tlieir multiplication should also Im under¬ 
taken. The following points should bo attended to 

(i) Preservation of a few hollow trees in forests, as such trees 
harbour useful birds and bats. 

(ii) The provision of boxes or vesscds for nosf-building on 
trees. These uui}’ be made of earthenware, of wood, of plaited 
straw, or tarred basket-work. Even dried hollow bottle-gwirds 
may be used for lituiicc. The eartlumware vo.ssels should lie 
of the shape given in the figure, atid have a wooden base, and 
before hanging np should be tarred anil covered with moss. 



I'i,!*-. (j- and O-'}.—ti< ‘stiutj'-jnd-.. 

«. Nail-htdi' fni' atlaflinii'iil to tin- 1m'. h. ll"lt Icj iii'fitimi oi u 'wdon ptig' 
to the hinl lu c, FUght-holc. lloU< lot thf jiaiKige of a wirp, 

to attiuh t!u‘ hoUitju (*i tin- jH)l to a ftiwi* ol tvinnl. 

The wooden nesting-boxes iuvenled by Gloger * io 18.v3 are 
made ont of half-inch boards, and tarred. There are sk 
kinds, including those shown in the figures, and suitable for 
starlings, iiycatclicrs, and titmice. Some are used for the birds 
to sleep in as well as for nests. The horizontal partition 
shown in the figures excludes eats, pole-cats, and other enemies, 
and also keeps the nesi warm. It is essential to keep to the 
dimensions indicated hy the reduced figures, or the nesting-box 
will be used by other species, lor which it was not intended. 

“Xisl-uml i»6bb£ka£ten fUr VcJgel/’ Ailg. far^ u. Jegd. 

^.12^' Prices lor the nostiug-boxes. 




Fig. 67.—'Inner view of a Im)x with 
itcveral conipartm^ts for a cumber 
of Titmice or similar birds. 


Ntawnco-nosiw Woon. 
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^fThe follomtig rules apply to the manner of Imnging-np the 
iest-boxel:— 

i The boxes should bo hung facing towards the east oi' south 
■onl}’: never towards the west. 

As starlings arc sociable birds, several boxes (or them 
may be hung at a height of 20 to 20 feet on the same 
tree, but for other species only one box sliould be hung on 
a tree. 

Boxes for titmice should be bung 10 to 1(! feet liigh in a 
dark place, best of all in coniferous 
forest, on silver-lir or spruce trees. 

Bo.xes for redstarts and fiycatellers, 
on the contrary, sbonld bo hung 10 
to If) feel high unde)' light groups of 
trees, and on the borders of (liiii 
places and clearings. 

(iii) Shrubs should ho planted iii 
Bliellered places, along a brook, or 
by u sjiring, as water is a necessity 
for birds, also on rocks, sleep places, 
etc. Suitable bushes are privet, 
honeysuckle, vibunmin, older, white 
thorn and wild roses ; as an over¬ 
growth, poilard-willows and inoun- 
tain-ash. Viidergrowtti should also 
be carefully preserved in high forest, unless it must, be out 
for sylvicultural reasons. 

(iv) The birds should bo fed when deep snow is on the 
■ground. Bread or boiled pulse shonTd not be given, as these 
;;fiubstances liecome acid and nnwbolesome after wetting. For 
llnsectivorous birds pieces of suet or chopped meat are suitable. 
IThorus should be placed over the food, so that crows, doves, 
and sparrow-liawks may be kept off. The following places are 
‘most suitable as feeding grounds:—high ground for titmice, 
i^ee-creepers, woodpeckers and finches; roads for yellow- 
hammers and hedge and tree-sparrows; fields and gardens for 
lirobins, linnets, finches* and migratory birds from the north; 
Jte fieldfares, thrushes and blackbirds, the food should bo 
i^laeed under a,si|j,dy ©pifer at the edge of the forest j the places 



Fi)r tor the 

Sljiiliiiff, titrriHlhlraw. 
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which goldcrests and wrens frequent should be ascertained, ah® 
idle birds fed these. . 

• (v) Forest-litter should not be removed from March till ■ 
July, as many useful birds nidify on the ground, or close to 
it, and would be disturbed. 

(vi) Birdsnesting and the trapjiing or killing of useful birds 
should not be allowed. 

In continental forests, enormous numbers of thrushes, field¬ 
fares and similar birds are caught every year in the autumn 
umd winter by means of horse-hair nooses attached to the 
trees. Wherever such bird-catching is allowed, the open 
season should bo limited to the period between the 1st of 
October and the 1st of February. 

Legal enactments to protect useful birds are necessarily 
made by the Stabi, and should be properly enforced. 

A convention, dated liHli March, 1902, has boon made for 
the protection of useful birds between all the principal 
countries in Europe, except the United Kingdom, Holland, 
Uelgium, lliissia, and Korway. The AVild Birds I’roteelion 
Act became law for the United Kingdom in 1880. It has 
Silleo be,en sliglilly amended in 1881, 1891, ]89(>, and in 1902. 
Ah the destruction of vermin in country districts, the emtail- 
inent of the area of cultivation, and the pi'otectioti afforded hj 
the Act to wild birds have upset the balance of Mature—bull¬ 
finches, starlings, blackbirds, thrushes, 'hnd sparrows do much 
harm, ospooially in orchards^ Except, however, for a scheduled 
list of rare birds, that no one may kill during a close time, 
owners and occupiers of_^laiul and persons authorised by them 
may kill other birds during the close time. 


Ui'\ilikis and Amphibia. 

Toads, frogs, and lixards are very useful as insect and slug 
destroyers, especially in gardens and forest nurseries, but 
they are not nearly so numerous as useful birds and mammals. 
Bnakos and slow-worms are also useful, hut the poisonous 
adder H’liiat hum, L.) will naturf^y not be protected. 
Adders are fouud all over Europe, in brushwood and os 
sunny slopes among stones. They feed chiefly ^ mice 
moles. 




■ fiWDEKg.'’ 
lust'd^. 

A detailed account of the chief useful insects folhnvs in 
Ihapter V. Their number, especially that of ground-hectics, 
dineumon-wasps and TncMmu', increases steadily with that 
f the destructive insects; this fact is sill the more important 
s the activity of mammals and birds altogether fails to 
oinhat such calamities successfully. 


Himlen. 

Spiders {Aradiiuiidm) include two distinct families of insect- 
lestroyers, Araneime and l'ltiitaii;iniMt', both of which are 
-real destroyers of insects. The common garden-spider^ 
'Epcira (iMilnm, Cl.) and StMtmla nUiiphh, (1, may be taken 
IS examples of the former class, and the coiiimeii liarvest-inan 
'Vhnhiiifiim pandimm, de (leer) of the other. The ih-st 
iatehes'niany small heelles and other insects in its. large 
vertical nets expanded in the underwood of forests, the second 
species dc.stroys large numbers of Lophi/nis />mi, L., as well 
as other insects. The harvest-men hecomo very active in the 
evening, moving about rapidly with their long stilt-like legs, 
and preying on small insects, plant-lice, etc. 

The weh-making spiders may do some slight injury to 
plants by their webs, which interfere with the full development 
of blossoms and foliage. 

Centipedes, of which Uthohim forficntm, L., is an example, 
and millipedes, for instance, lulm tenrdns, L., live nndei 
bark, stones, and moss, and kill numbers of insects, also shigs 
and snails. Species of Iiilm also attack fleshy roots m gardem 
^and fields, as well as wheat, and fruit such as strawhernes; 
they also appear to cut off seedlings at the collar in a mannei 
similar to wireworms. 


■ B,A§lemcdial Mecmire». 

i In considering the measures to be taken in attacking insects 
I'm must select the proper season, and adopt means which di 

, ■ -i’. , 




In general, the following rules may be adopted:— 

(a) Collectinn and destruciim oj ftjfis, larvae, pupae or perfect 
insects. This is unfortunately impracticable for most injurious 
species, or is too protracted a method, except in the case of 
perfect insects. A knowledge of the life-history of any 
particular insect will inform the forester of the stage in which 
it is best attacked, but for practical reasons a season should 



Figs. 00 and 70.—Ciitei'pillar nhcai's (yrifttml). 
Front. liai'k. 

/{. Cord. i. Spring, e. Moveable blatie. 


be chosen for their destruction, when the requisite labour- 
; force is available. 

i Collections of insect-eggs can be made only when they are 
^daid in clusters, as those of mole-crickets, the livokey-moth, 
^and the black-arches moth. The simplest method of destroying 
(.the latter is to crush them on the tree. 

The larvae of Lepidoptera and sawflies may be collected bj 
i^aking the attacked poles or saplings, or by beating witt 
^ mallet or the butt-end of an axe at the base of the branchee 
trees, so that the larvae fall on to clojj^pread on th« 
f^bund. Care must be taken to protect the «»3s of collectorf 
|hy gloves against hairy caterpillars, which, when handled, 
^cauee infl.ainmation. When in grpupa on the trees, Jlar^ 
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irnshed, and branches bearing the spnn web-like 
nests of certain gregarious kinds may be cut-off with pruiiing- 
sbears (Figs. 69, 70), or they may be burned on the trees by 
holding torches under them. Larvae fall moat readily from 
trees in the early nioming and evening or during moist, cool 
weather. The larvae of but a few species of beetles car 
be profitably collected, for instance, cockchafer grubs. Ir 
Massachusetts, during the great plague of the gypsey luoth 
1897, Liparis dinpar, L., matting, termed was 

put round the trees and the larvae pupate under these, oi 
rest under them in the day-time and may thus be destroyed. 

The collection of pupae is best effected when they lie iv 
clusters in the moss and dead leaves of the soil-covciing, sucl 
as the pupae of Ni«-Um pUtipmla, I’anz., or hang low down thi 
stems in bark cracks, or on undergrowth. 

Perfect insects may be collected by simply jiicking them b; 
hand from the ground, by shaking them, like larvae, from th 
plants on which they settle, or by means of traps made c 
strips of bark, laid on the ground fhit or rolled-up, into wind 
the insects crawl; this is a common method of catching groo 
numbers of the pine-weevil {IIiihliMs ahietin, Fabr.). Th 
bark should be fresh and laid with the underside downward] 
Other materials used as traps are faggots, logs, and brusl 
wood. Cockchafers and pine-weerils are the injurious iuseel 

chiefly captured in this stage. 

In collecting the imagos of insects, it is necessary to captm 
the female alone, and that before she has laid her eggs. Th 
can. only be done practically in the case of those Lepidopten 
• in which the 2 can be readily distinguished by her siw ar 
f'.by the nature of her autennir from the d*. 

0.' Laiwae, pupae, and imagos may bo killed by pounding the 
; In trenches, or by pouring boiling water over them, or 1 
I quicklime, etc. 

i' (b) Preparation oj Insect Trenches. Those are useful ( 
Many but very sandy soil against larvae which wander on t, 
Aground, «.</., those c^the pine-moth, also against certa 
^.•beetles, for instance, the pine-weevil, Hylobivs abietis, ^ 
SjThey should be made 10 inches broad, and 12 to 14 inch 
j^Mleep, with vertical walls, and with boles 8 to 10 inches de 




^ery 10 yards along their floor. They cost to a|] 
Bieter, or about 12s. per acre enclosed. The trenches must be 
inspected every morning, and the insects which have been 
^ught should be killed. 

(c) Oreasnl harriers. A liue of barked poles, covered with 
grease, is made, so as to exclude affected woods from sur¬ 
rounding hitherto immune woodlands, or to enclose small 
areas of unaffected woods. This melliod is applicable only 
for larvae that come down to the ground. 

(d) Swine may he driren into woo/ls which are attacked, and 
they kill numbers of larvae and pupae which are in the soil- 
covering. The swine must be given other food and driven 
daily to water. As a rule, they eat only hairless larvae (.Voctaa 
pinijierda, Panz., Oeoinetru piniaria, L.). 

(e) I’uUiny-iip plants and burning shoots which have been 
attacked; or buds attacked may be primed off'. Infested 
branches sh'ould be cut off. 

Stems full of insecls, or their eggs, etc., may be cut down 
and barked, and the bark burned or exposed to the sun. This 
should be done before tho perfect insects emerge, usually in 
May and .Tunc. Groat care must be taken ns to the proper 
season for barking such trees, which form so many tree traps. 
If it be done too soon, before the bark-beetles have finished 
breeding, there is danger of other standing trees being attacked, 
and if it be done too late, after the perfect insects have forced 
their way out and flown away, then the very institution of 
■tree-traps will have multiplied instead of diminishing the 
inumbers of the insects. It is therefore better to bark the 
traps before the larvae have pupated, and to be informed when 
ttis happens, infected trees should be obseiwed, about every 
14 days, in order that the development of the larvae may be* 
^own and the right moment chosen for destroying them. 

%: {f) Freparation of trre-irups. Trees may be specially girdled 
fo serve as traps before the eggs are* laid. Por such purposes 
ptunted or sickly trees should be selected as for thinning 
jporposes. After the insects have visited thefii they sfaonld be 
treated like trees attacked in the natur^ course. 


(g) Grease hands made of various substances such as tar, 
glue, and grease, may be painted on trees, about chest high,. 





S'Ser to &p lame on their way to the crowns of the trees, 
and staiwe them to death. Tliey are used chiefly against the 
lame of the iiiiie-moth. }fi>ih ba^*, 6—8 metres high, are 
also made against yiang larvae that have just hatched out of 
the nun-moth. 

(h) Clearance of infested areas. The whole wood may be 

cleared and the soil thoroughly cultivated after burning all the 
branches, etc., which are infested with larvae. This, of courSi, 
is a last resort. The thorough cultivation of the soil it 
necessary only when it is full of hibernating larvae or pupae, 
Lophyrtts rufas, Ilatz., etc. ,' 

(i) HprayUuj. Trees and plants in orchards or in foresl 
nurseries may be sprayed with certain suhstanwis to keep of 
insects, such as lime-water, whitewash, potassium sulphide' 


solution, decoction of tobacco, etc. A good recipe appeari 
to be 1 lb. of pure unsfakon lime, mixed with about 70 gallon! 
of water. The lime is slaked and then niixdfl with th( 
water and stirred up to form a milky fluid, which is allows! 
to stand till the lime is deposited | the water is then used or 
the trees. The lime can be used again for live or six time 
the (prantity of water. The application is useful as long as tb 
insects are still in the laival or pupal stage. 

' The sulphur solution is made by dissolving one part o 
.potassium sulphide in 500 parts of water, and the foliage i 
sprayed with this solution. This drives all the caterpillars a 
once from the tree, and sprinkled leaves escape furthe 
damage: five men hi twodayB,with881bs.ofpotiiBHiumiBulphid( 
and the necessary water, can sprinkle 250 trees, at a total cor 
of 50 shillings, or five trees for 1 shilling. 

The most valuable mixtures tor treo.-spraying are arsenic! 
fvashes or'kerosene-emulsion. The former are made by stii 
ring about 1 lb. of Paris-green or London-purple into 2C 
gallons of water, with the addition of a little flour or dextrii 
;jnd keeping it constantly stirred during the operation i 
'^raying. As this mixture is poisonous, it cannot be use 
where there is risk of injury to game. If it scorches tl 
foliage it must be further diluted. 

> Kerosene-emulsion is made by emulsifying 1 gallon i 
^j^osene oil ^|h hajf ® gallon of boiling water in which 
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„artial swarm one year before and after this period. 

In Prussia and Saxony, very large sums of money have been 

,p^:.«XaU™*on'.i f«»t h. 

io the following table :— 

1870-73 . ■ • ■ 

• ■ ■ ■ ■ S‘loo 

1881-87 • • • • 

This shows a large diuhnution since 1880 fix.ru, wd^ 
lay b^ inferred that insects are drmmxshmg m the Uussia 

"tsaxony during Ore years lB78f > f ^ 
he destruction oy^e-weevils and bark-beetles. 

iJ^'reaiinent of Injured TKoods. 

Woods iniured by insects should be feUed oidy when theUfj 

g5-«P » "“i”* '“'*■■ ‘"T T ‘'tlTlriUetS; 

tom al hI. lo»nl« 

SSlSSrsS^ 



e ffie 8pa&'‘Sf 'tree'aitkeked, its age, 'the liMaiity, e 
kill trees sooner than caterpillars. Coniferous wo 
e easily killed than broad-leaved trees, and whi 
Jfipruce and pine woods are readily destroyed when bad 
attacked; silver-fir and larch make a better resistance. Bros 
(leaved trees are not killed if every leaf on them is eaten, pi 
^vided the buds are uninjured. Birch, elm, and ash die me 
iieadily than oak and beech. Young trees succumb mo 
quickly to beetle attacks than older trees. On a good soil 
recovery is more hopeful than on a poor one; clearance of t 
twood should be less readily undertaken in the former case. 

' The best time for clearing is in the winter after the attack 
• The large' trees should first^be felled, barked, and removi 
as soon as possible from the forest. Fire-woo<l billets shoo 
be got ready as soon as possible, and at least tho larger piec 
barked.’ 

Before stacking, the split wood must be thoroughly drie 
the stacks must be raised from the ground on Iransvor 
pieces, and placed apart in well-ventilated places. Tl 
removal of all split wood must be expedited. 

Young plantations which have been attacked and killed mu 
be replanted. Injured poles require the greatest care ; if th( 
are so young that transplants can be brought in, this shou 
be done, if necessary, after widening the blanks. Shad 
bearers, such as the beech, hornbeam, silver-fir, or spruce, a 
very suitable for planting in such cases, or else hire: 
sycamore, or Douglas fir, on account of their rapidity of growt. 
If, however, the poles are too tall, and still too dense 
bo underplanted, either a clearing must be made of tl 
whole crop, and the area restocked by sowing or plantiii 
pt the woodi should be heavily thumed and underplant* 
with a shade-bearer. 




C'.HAPTER V. 


INSECTS XTSEFUL- TO FORESTS. 

li is most essential that in combating the attacks of 
injurious'forest insects the forester should be able to distinguish 
insect friends, from foes, and unimportant si)ecies from, 
hurtful ones. 

The following is therefore a short account of the most 
useful families of insects, which are found chiefly in the 
orders of Oulcojitcra and Ilymenopteva. 


OUDER I. —COLBOUTEBA. 


1. CichidclklM {Tiger Beetles). 

Perfect insects of moderate size, slender; mandibles power¬ 
ful, with three teeth; antennae filiform, with eleven joints. 
Legs long and slender, with five tarsal joints. Abdomen 
of six segments, llie three first fused. iMrvae long, some¬ 
what flattened and humped in the middle, with a broad 


head and six feet. 

■ The larrae dig vertical holes as thipk as a quill in the 
sand, and remain at the entrance with projecting head, in 
•wait for any passing insects or worms, which they seize and 
suck dry. The beetles prefer sandy and sunny localities, 
?feaf>ecially white sandy roads, are very active, alternately 
and flying over short.distances, and greedily devour 
5hther insects. * ■ , 

,On« genus, Cidndela, with a few British species; of these, 
"icI cflJitpcsfn's, L., is the only one with'ah extended distribution 
i woodland localities. 


a. CarMdae (Grmnd'-SeeUet). ^ 

variable in size, but often large; mandihW 
ilp^olh or with only one tootti; antennae filiform, w^f| 
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of tfie larger species have functional wings. '"‘ Legs tl; 
and long,-for running, with.five Inrsal joints. Abdomen 
six to eight segments, the three first fused. 

Larvae long and cylindrical, with six legs. 

The., beetles live through the winter under moss, ator 
and pieces of baric, in old rotting stumps, etc., pair in t 
spring, and lay their eggs in the ground. The larvae 1: 
either in or on the ground, and eventually pupate in the soi 

Both the larvae and perfect insects destroy other insects 
all their stages; the larv.ae in particular are very voracio 
and mostly prey at night. Tlie family is rich in genera a 
species. 

The following largo species are most msefnl in forests wlu 
they occur: Caralms cah’iiulatus, Scop., ('. 1 

C. canccUattin, Ill., Cahmiita iiiqiiimtor, h., etc. 

Other speciesjiore found on the Continent, such as I’lwrus 
mriarcus, L., Curahtm anratiis, L., (!. aimmiii'iiH, i’al: 
C. si/lrcKtris, Panx., Oahsoma siiroqihiitiln, L.; the latter, whi 
appears in great numbers when there is a plague of insec 
and seeli,s its.prey in the crowns of trees, destroying the law 
of destructive Lepidoptera, is esiiocially valuahjo. 

Certain species of Harjmhis and Vlrronlichiin devour co: 
ferous seeds when covered with moss, and Xahrits (lihhiis, Fab 
is destructive to young wheat. 

3. Staphylinulae (Eove Beetles). 

Perfect infects usually of small size, long-bodied, a 
jharacterised by very short elytra, wbieb leave the greal 
part of the abdomen e.xposed. Antenmc generally thrbadlil 
with 10 to 11 joints. Tarsi mostly 5-joiiited, but oecasiona 
with three or four joints. 

The abdomen, consisting of 6 to 7 free segments, is turn 
up at the appro’ach of ^y possible enemy. 

The larvae are long, with six legs. The pupal stage oecr 
baostly in autumn, and the beetles live over the winter. 
f The mode of life of these very active beetle^ resembl 
that of the ground-beetles. Both larvae and imagos of t. 
^ger species feed on oth€p:*insects, but from a forest poi 
U. view they are of less importance than the ground-beetle 



i'ne larvae are rouna especially under moss, but the beetle^ 
^^biiefly in decomposing substances, such as fungi, dead leaveSjl] 
I5ung, carrion, etc. There are nearly 800 British species.^ 
fXhe largest species are: Ocypus olens, Miill. (the “ Devil’s’ 
scoach^orse ”), Sl^phylinus eaemram, Cederh., CrgophUus- 
:maxiliosw, L., etc. Larvae of small species of Staphylinidae 
l^oupy the galleries of bark beetles, and probably eat their 
-4ggB and larvae. 

4. SilpMdae. 

% • 

ilccrfcsflattened oblongoroblong-oval, usually with ll-jointed 
Clubbed antennae; thorax with a flattened side-margin; anterior 
coxae conicaltarsi .ll-jointed. Usually dull, black, and often 
rugose or ribbed. 

Both the larva*, which have 6 legs, and the beetles live in 
carrion and decomposing substances. Som<|genera, such as 
Silpha, Fabr., attack insects. Silpha quadripimctata, L., lives 
jn summer on oak trees, and feeds on caterpillars, etc. It 
has the margins of the thorax and the elytra ochre-yellow, 
the latter with two black spots on each. 

5. NituMidae. 

Bectliyi small, oval or oblong, with straight clubbed, 
ll-jointed antennae inserted, under the frontal margin. 
Tarsi short, usually with 5 joints. Abdomen with 5—6 
segments.* 

, Ijarvae long, with projecting horny head and‘6 legs. The 
flattened genera, Bhizopliogv-s, Hbet., and Pityophagm, Shuck.’, 
jvhich live under the bark of trees of both broad-leaved and 
^iferous species, are regarded as enemies to bark-beetles. . 

6. Golydiidae. 

Sertfes small, thin, and long, witm—ll-jointed clubbeij: 
^tennae. Tarsi 4-jointed. Abdomen of 5, rarely of 6, 

of which the first three or four are fused. Larvdi, 
i^g, and sometimes with horny plates below; 6-legged. 
^,The species of this family live in decaying wood, in fung^ 
under the bark of trees, and are predaceous, :h 



esteoystiie larvae ol bark-beetles, snob as Xylchoritfi dri/i),' 
raphuB, Er., etc. 

The Cohjdiidae and the closely-allied Ciicujvke, man}' of 
fhich have similar habits, are as a rule very rare in Great 
Britain andfeerefore of little local economic value, 

7. ComnflUdae, 

ir Ladybirds, are small, smooth, hemispherical beetles, with 
■ed or yellow elytra, spotted with black. Antennae very short, 
dubbed, 10—ll-]ointed. Tarsi 8-jhinted. Abdomen of five 
rec segments. 

The hrrac are long and pointed behind, therefore somewhat 
izard-like in shape; they possess six legs, and are covered with 
ivarty tubercles, pits, or spines. Those of the commonest sp^ies ■ 
ire slaty-grey, }|jth four or six yellow spots. Tho beetles fly' 
in the spring, and lay their yellow eggs in clusters on plants, 
The larvae pupate in Jnly and August, hanging from the loaves; 
in 14 days the beetles appear, and they pass the winter under 
dead leaves, bark, etc. Both in the larval and perfect states, 
and esprecially in the former, they eagerly hunt and kill num¬ 
bers of plant-lice or aphides, and mites, which do much mischief 
to fruit and forest trees.' 

Ladybirds are migratory when abundant, and sometimes 
appear in certain localities in enormous numbers.' Tho com¬ 
monest species are: C. septmpimctaia, L., tho l-spotted lady-, 
bird, and A. hipunetata, L., the 2-spotted ladybird. Certain 
species are found only in forests, as JLdy^ia occWafa, L., chiefly 
bn pines, H. octodeeirnguttata, L., on spruce. Scymnus, Kugel., 
lives chiefly in coniferous woods. 

8. Maiacodermata, 

; This group of families is characterised as follows -.—BeHlei 
generally long, witli soft flexible elytra. Antehnae slcndor, 
' JO—12-jointed. Tarsi 5-jointed. Abdomen of 6—7 free se^' 
iments. The females sometimes resemble larvae. ‘Larvae long 
"flat, and generally hairy, with six legs. 

R, The predaceous families included in this group are; th* 

yellowish;,, beetles, about 



which fidcia i6 a ' common 

own species,: They usually feed on other insects, but th^t 
eeies and f.ohcmiM, L., have been observed sucking 6—lO' 
ar-old shoots 6f oak and Scots pine, which then turn black 

id die. . t j 

Their ifercae are also carnivorous, feedingtin earth-worms ana 
'Ound insects; they pass the winter in the earth, or undet 
ones, and during thaws sometimes come out on the snow, 
hey pupate in the spring. 

The Ckridan are small, cylindrical, hairy beetles, with verj 
lort serrate antennae, somewhat thickened at the ends. Tars: 
ith 4—5 joints. Abdomen of six segments. jMirac long, anc 
merally rose-coloured, with homy head.Ci-legged. The beetlei 
air in the spripg, and the eggs are laid in the bark of trees 
ndSr which the larvae live. New beetles appear in tin 

atilmn. * ' . . 

The larvae and beetles hunt the grubs of bark-beetles in thei 
orings, and also eat dead animal substances. 

Cltit'vs is the best known species, and its larva 

re frequently found in the borings of Miielojihilnsjiiiiipcrda, L, 
nd the beetle may be frequently seen in the forest riinnin, 
bout over heaps of firewood arid felled trunks. It is gail 
oloured, black, with the greater part of the thorax and tl 
lase of the elytra red, the latter also crossed by two whit 
lands. The species is locally common in conifer-woods i 
Ireat Britain, and is the most important insect-enemy to 
ieohitidm we possess. 

Oedbb II.—Hvmbnoptetia. 

1. Ichneumonidae.* 

-fiOertain allied families, Such as the Braeonidae, Chnkididae, 
id Pt^rowaUdM, are included in this description. In this 
’ 5ok these insects are termed ichneumon-wasps to avoid con- 
%.gion with certain parasitic flies {Tachinae) of similar habits 
l^lpbging to the order of DiiAera. 

of various sises, long and slender. Head with three 
■%U. Atifennae generally slender, rarely clubbed, and with 

« complete McoUBt w£ German ichBeuraons, Toechenberg (Dm 
^ jMneiiopteren DeaWJiteiki). Wp*%, 4»8e. 



uflKiruju ityMKWorrKRA: 

veins of the wings, when a snbraarginni 
yein exists, fortf distinctly closed cells, but it may be absent 
and the system reduced to one or two veins. 

Trochanters 2-ringed, tarsi generally ,5-jointcd. 

Abdomen frequently stalked, and in the female provided with 
a long ovipositor, formed of a slender borer and two lateral 
sheaths. 

Lanae soft and tapering at botlr ends, generally white, and 
without hair or legs. 

Piqiac with the limb»free, soft, and white. 

The season for the flight of these extremely useful insects 
falls between May and August. The S lay their eggs either on 
or in other insects (Lepidoptera, l>eetles. and ]Iymeno]itera), 
which they pierce with their ovipositors, genovally attacking^ 
the larvae, less commonly the pupae, and seldom the perfect 
insects. Certain minute species attack the eggs. Only the 
larger larvae are attacked as a rule. An ichneumon will rarely 
attack an insect which has already been pierced. 

The larvae appear soon after the eggs have been laid, and 
may pass the winter in the pupae of the host. 

They pupate in cocoons, sometimes outside the host, some¬ 
times enclosed in its own pupal skin ; the .species of Pta-<>nmliiH 
alone form exceptions to this rule. The ichneumon-wasps cut 
out a round piece from the cocoon to emerge, passing the 
winter under moss, in stumps, etc. 

The whole series of transformations generally requires 
S—6 weeks, and the generation is usually single, hut sometimes 
double. 

Ichneumon-wasps are shy, and run and fly rapidly; they do 
ijot, however, go far from their birthplace; they may-appear 
in great numbers, and are constantly quivering tlieir wings. 

' Most of the larvae are parasitic within their hosts, whose 
juices they suck, but some remain outside them (many species 
^ Pteromalklae and Chakididac). Infested larvae continue 
Jiving, and eat ravenously in order to supply their parasitic 
^esta as well as themselves; they do not, however, reach, 
Maturity, lyjft die Aither as larvae or pupae. As a rule* 
fehneumon-Wasps increase more than proportionally to the' 
pjprious insects. Thus, in the valleys of the Bbine and 



^ain (1888-89) in the great plague of pme-i|pPaB, in the fir#! 
j)ear, only 8 per cent., of larvae were attacked by iehneuraone^ 

the second y^ar, 80 per cent. 

It was formerly believed that most insects which did not; 
attain full development were killed by insect-parasites, and 
Ityeeding cages covered with coarse network were maintained 
in which all larvae infected by ichneumon-wasps or flies were 
placed and fed. The network allowed the latter when fully 
developed to escape. . 

These cages,* however, have proved^Useful only in allowing 
the life-history of the parasites to be studied. 

It is now well known that insects are destroyed in large 
numbers by bacteria and by fungi, the spores of which find 
entrance into their bodies either through their skin, or amongst 
their food. De Bary says: “ If one carefully examines the 
dead leaves‘and moss of the forest soil in wet seasons, it is 
aistonishing how many fungus-infected insects ho will find.” 
The infected caterpillars may be easily recognised by.dis- 
■colonrcd spots on their bodies, and by their reduced activity, 
and they die when the mycelium of the fungus has spread 
inside them. Thus, miixi'anliiie is a well-known disease of the 
'Silkworm, due to Jioiri/tis hasniaita, Bals., and this fungus 
attacks Xoi tmjiiuiperda, Panz., Oadrojiacdia pini, L., and other 
caterpillars. Wet years, being favourable to the fructifica¬ 
tion of the fungi, cause these diseases, to spread amongst 
caterpillars, t 

The question whether ichneumons or parasitic plants are ol 
more importance from a forest point of view is still open. It 
iriiB believed by Ratzeburg that ichneumons attack only 

4 ^'" , • ■ 

Tn Bengal, a Tachinid fly attacks»6Ukwon&s, these ore sometimes feS 
a framework cohered with gauze to exclude the flies. The most usual pUm 
^irwever, is to rc«r the Bengal muHivoltine silkworm fw silk in alternate montlit 
has seven or eight generations in the year); during the other months J 
Bsnitod number of urorms are carefullj ke|>t under gauze to produce eggs for the 
Stood. The flies, which have also a generation every month, not ftiidiag Bufficieetofl 
to lay their eg^in, ore thus greaUy reduced in numbers, whereas, if the talkironfli 
^ bred in the opet" every Mumth, whole broods would b^ destroyed by the parafsitee. 
C‘ t for nn acconnt of fu^. attacking insects, rufe Cooke’s Wasps 

Worms, Loudon, also Judeich and Nituhe, llitteJeuropialscheB Insectem 
^hdo, V<d.l.,pp. IGi—1851; BeBary,A.,'Ve^eieh(mdeHorpholQgieuDd 
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aueMy diseased owing to infection by parasitic plants 
pt the weather, and the importance of ichneumons is due in 
his opinion not to their seroHrfaiv/activity in attacking insects, 
but to the fact that the approaching end of an insoct-calamify 
may be predicted from the increase in their numbers. He 
asserts that when 50 per cent, of the caterpillars are attacked 
by ichneumens, it is not worth while spending any more 
money on measures for destroying the caterpillars, as the 
calamity will then die out speedily. 

Taschenberg* and Judeieh.t however, contest this opinion, 
and consider that perfectly healthy caterpillars are attacked by 
ii^neuraons; their view is now generally and properly linld.. 
It is impossible to imagine that an ichneumon, .such as Pimpla,, 
which inserts its long ovipositor through the (u acks of hark to 
reach a concealed larva, can have any accurate pcreoiition of' 
the state of health of its host; and tjie expcritiiices of those 
who breed larvae in captivity show conclusively that this is a 
matter of indifference to the Jrhm'twwuiihK'. 

The families referred to are very rich in species, 5,000, 
of which 1,000 are parasitic on destructive forest-insects. 
Ichneumon-wasps are either polyphagous or monophagons; 
many are monophagons to such a degree that they attack only, 
a particular species in a certain stage of development, either as’; 
larvaeor pupae, etc. The greatest number of siiecies (in all thirty-, 
nine) attack the pine-moth —Qmtropacha pini, L. Many are, 
found in the black-arches, the pine noctua, the pine sawfly, etc; 

. On eggs: Teleas herimndm, Eatz. (G. pini), and T.lerehmns^ 
Eatz., are parasitic. 

„ lareae: Mkrogaskr globatiu, Nees. {G. pini); limehm 
eompressHs, Pabr. {Nociua piniperdu, I'anz.). 
pupae: Anomalon miitliojms, Gvav. (G. 2 >iid); E. hpihy- 
rmtm, Htz. (Lophjrm pini, L.). 

„ larvae and pupae: Anomalon cmumjiejnim, L. (G. pini) ; 

;. , IHmpla instigator, Panz. (Liparis monacha, L. dispar,- 

Portkesia ehrgsorrhtea, etc.)4 ■, 

„ imagos; sp. of Braconidae {Strophosomus coryli, L., etc.),) 

* Forstwirth^^A^ii^fae iDsectenkonde, p. 271* 

♦ 'Waldverderber, 7th edition, p. 14. > 

J JV ^e Jtioipts in which Uiep«r8«Mi8 



WSpU^ae {Fossorid Wmps). 

■( iniagot with a large head and three ocelli. Antennae slend^ 
-nd moderately long. Fore wings flat and without folds,^ with 
t-4 cubital cells. Legs with smooth femora and simple 
trochanters. Tibiae and tarsi fossorial, and furnished wiUi 
strong hairs and spiijes. 

Abdomen stalked, generally with seven free segments, and 
Always terminating in the S with a sting. 

/' The hrvae and pupae somewhat resemble the j^rfeot insects, i 

:iui have no Tegs. . ... . ,, 

'? Thdse insects appear in summer, living in pairs and bniiaing 
iheir nests in sandy earth, in rotten wood, cracks in walje, 
etc. They attack pianl-lice, larvae, beetles, grasshoppers, and, 
i'flpiders, wound them with their stings, and convey the disabled 
•insects to their nests in order to lay their eggs on them. 
Some species close up the cells in their nests, and the larvae 
emerging from the eggs feed upon the 0“®^ 

';:Sphegi'lae feed their young with fresh material. \T hilst these 
ifinsects are hunting their prey, they carefully close their nests 
-dwith particles of sand or splinters of wood. 
t" The following are common -.—AmmopMa sabhoea, L., and 
SpoiiipUne riaiints, 'Latr.; both species live in sunny places in 
i^mdy localities. 

8. Vespidae (IT'aspo). 

Images moderately slender, almost free from hairs, black oi 

Srown with yellowish zones, with ocelli. 

■; Antennae approximate at the base, elbowed, and with 12—1. 

feints, thickened at the apex. * ■ . 

Fore wings folded longitudinally when at rest, with a radia 
f reaching to the end of the wing, and 2—3 cubical cells. 
Legs simple, without prominent hahs or spurs. ^ 

Abdomen stalked, furnished with a sting m the ! ^ 

The hrme are white or yeUowish, with brown heads, soj 

The^wieS which form this family live either socially,,,c 

I'h^whieh are most useful, from a forest point of yier 
» sheial wa^, consisting pf three J 







iM ^, workera which are unfertile females, tke eggs are" 
aot laid by the female immediately after fertilisation; she 
hibernates and commences the construciion of a nest for a’ 
new colony about April. From the siiring until late in the 
summer she lays her eggs in the regularly hexagonal, pris¬ 
matic, horizontal cells of the nest. She is gradually joined, 



in her labours by her progeny, of which first h , then 9 , and 
iastly the stingless 3 are produced. The latter die soon after 
■pairing. U by %ny accident the mother wasp should die 
before any perfect females are produced, the whole colony 
would become (extinct. The duties of the are to continue 
[building the nest, to feed the helpless larvae, and to defend the, 
^ony against enemies. The nests are covered with a papeiv 





.^.suspaided from a branch, or in buiidingB or a hole in thisg 
^OUttd. Just before pupating, the larvae spin covers to thetf;; 
4ellB. The i? become torpid ih the autumn, and their last; 
"Office is to massacre the undeveloped brood, -which would* 
'Otherwise die of hunger, as their food-providers themselvesl 
^e speediljr hilled by the increasing cold. The fertile femaM 
_^one leave the nest and survive the winter in a dorman* 
■^ndition, reviving in the spring' to provide fresh broods foi| 
;%e future. ’ ■ ' ' , ■ ‘ ';■* 

Wasps seize insects, especially moths and flies, partly lot 
4iSeir own nourislimcut and partly to use their juices as food' 
for their offspring, or even to feed them with 
the living insects. They do a certain amount 
of damage by eating sweet fruits, plums, 
grapes, etc., and especially the hornet (Veepa 
a-abiv, L.), by girdling 2 to 4-year-old shoots of 
beech, birch, hornbeam, etc., and by barking' 
3 ash, white alder, etc.; they prepare the bark by 
cliewing and mixing with a sticky secretion, and 
t;;,', use it for the fabrication of their nests. Bark-' 

'T'-'Wtsp.Witie. hig of trees also causes a flow of sap wliicb serves 
'.'jj; as food. 

if;Where much damage is done, hornets’ and wasps’ nests- 
inay be smoked out, or tar, koroseue, or a solution of eya&de^ 
.of potassium poured into the entrance holes. Glasses con-' 
•t&injpg beer, etc., for catching them, as shown in Fig. 73, may 
hung up on fruit trees. 

4. FamkidM {Auts). 

f^imta also have three classes—males, females, and workers.'! 
ifre head is triangular and very large in the b • There are 
three ocelli, at least in the / and t. The antennae have 10—14'; 
Joints. The wings are long and with few veins. Th^ 
ibdomeu is stalked and often spherical, with a sting at it^ 
eitremity, or a'gland which exudes formic‘acid. The A arej 
-^nerally much smaller than the 7 ; both these sexes have a' 
well-developed globular thorax, wider than the head, and ly 
•i^ge abdomen, la the b the thorax -is vtxy narrow, 





fiSttd, mm is aearly as^l!^ as the- 
^m«n;; i&ey are winglesB. 

? The larvae «te thickest, somewhat curved, white, and ajKidal. 
Thepitpae are soft and white, with the limbs separately invested, 
Usually enveloped in thick white cocoons, when they are known 
as ante’ egge. 

^ The ants fly in July and August in still warm weather, 
'often in doud-like swarms. The S , which loses her wings after 
pairing, either lays her eggs the following spring in tho old 
nest, or she foi-ms a new colony in the ground or in a hollow 
tree. The larvae live in thousands in tho ant-hills, and are 
fed and carried about by the numerous b, of which there may 
be 5,000 and more in one ant-heap. In case the ant-hill 
should be disturbed, the b endeavour to carry the pupae to a; 
place of safety. • • 

The perfect insects come out at tho end of May, or th6- 
beginning of June, after tlio '? have opened the cocoons. First' 
appear the S , then the S, and last the b • The d die soon 
after eopulaliou;, as the cold increases many of the J also 
die; the b live over the winter. Ants are endowed witli a 
remarkable sense of locality; if their nest ho injured, they 
eject formic acid, which slightly burns tho skin. 

For a long time past the usefulness of these little animals 
has been recognised. They attack and kill numerous insects] 
and larvae, especially small caterpillars, and clean the forest' 
Of many dead insects. In utilising other insects they show 
extraordinary ability for creatures so low in tho animal i 
kingdom. Some ants, living in hollow trees, carry the larvae ; 
of a beetle, Celunia uiirata, L,, into their nests, as these larvae] 
ohew up the wood into small pieces for them; in the same - 
way Claiiger Jin-eohine, Preyssl., lives in the nests of the 
yellow ants. *) 

Plant-lice are also kept iri ants’ nests, as the ants use ; 
the lioney-dew which exudes from them to feed their young, 
inilking them like cows. 

; Trees at the foot of which there are ant-heaps remain' 
tininjured during wide-spread devastation by caterpillars, like ] 
oases in the desert, and the fruit-cultivators in the province ; 
^ Mantua place in the spring of every year a colony of aat»^ 




fruit trees to secure tKem agamSt ifisefef 

'$j6iXks. '■ '' 

>=lt is therefore necessary to protect ants in every possible 
tray, though unfortunately their increase is greatly prejudiced 
iiy the search for the so-called mits’ egg$ for the purpose of 
feeding young pheasants, etc. This also deprives useful forest 
birds of a portion of their nutriment. Henschel* states that 
in the Austrian Alps the sale of dried anis’ eggs of Formica 
nfa,h„ amounts annually to 50—70 hectolitres, which means 
from 96 to 134'5 million ants, for 1 hectolitre contains about 
1,920,000 pupae. 

; In Eussia also the business is carried on vigorously, the 
right of collecting pupae being leased on certain areas, one 
man having collected £18 worth in IJ months. 

The damage which ants occasion by constructing their 
galleries and nests in sickly trees, or by eating sweet fruits, or 
by burrowing into plantiug-mound^is trifling in comparison to 
the good they effect. 

- As representatives of the family the following may be 
mentioned:— 

Fonuifa riifa, L., the common wood-ant, makes greal 
heaps of needles in coniferous forests, chiefly in those ol 
Scots pine. 

Ltisim fuUgiinms, Latr., in old trees and stumps of oaks, 
poplars, willows, etc. 

Myrmica rubra, L., very common in forests under stones 
sods, bark, et^ 

There are species of ants which by hollowing out nests it 
standing trees, or by gnawing plants, or disturbing mound 
planting, are injurious. These are Campanotus kercukmcut 
Jii.; C. ligniycrdiu, L. Both species hollow out large stand 
Ing and felled stems of conifers, chiefly of spruce and silver 
fir, to a height of 80 feet from the base of the trees, jn i 
fuauner that is concentric with the annual rings, so as t( 
Isarder the timber* unserviceable. Woodpecksa-s frequentli 
Increase the extent of the damage, which lias also beer 
observed on oaks, limes, and robinias. Laijns Jkvtu, Latr. 
Injures young plantations of spruce, silver-fir, beech, ash 

CeattriU. ilif dM g«. i’arstw., 18 ?«, ji. 160 . 



^airen/ana 8Team( 

i ll . V V' . W * --- 

j'wots, underground. This damage continues from spring to 
ll'nly. As much as 60 por cent, of plants have been tliUs 
^Ued, the weakest being selected. The best proteelixo 
measure is to use ball-planting, or to sow in autumn, with 
Sts little disturbance of the soil as possible. This daninge 
fWas especially marked in Silesia, 8,000—-4,000 feet above sea- 
level, on dry, southern aspects. 


ii. Apklw. (hees). 

The imagos are thickset and generally hairy, witli ocelli) 
and with a special suctorial labium. Antennae approximate at 
their base, elbowed, the basal portion 2-jointed. hore-wingg 
not folded, with one radial and two to three cubital cells. ■ 
Legs hairy, the first joint of the hinder tarsi very large, 
compressed and forming a triangular or (piadrangular plate. 

Abdomen stalked, with a poisonous sting in the ? and i?, 
which breaks off after use. The larvae and pupao resemble 
those of wasps. 

Bees are either solitary, as the mason and carpenter bees, 
or are social, as in the case of humble or honey'bco,s. The 
former have no b , which arc the most numerous inhabitants 
of a hive of honey bees. 

Social beesgbreed underground in mole runs, etc., in 
hollow trees, in the pith of sound trees and shrubs, as ash, ; 
walnut, rose and luspberry, or in artificial hives. 

The imagOB live on honey taken from plants and on {lollen, 
"and effect the fertilisation of many flowers by brushing off the 
pollen with their large hind legs, and carrying it to another 
flower. This habit is a good example of the direct utility of 
insects to plants. 

^ Spcac*.—Carpenter bees QiyWopa vxolacea, Fabr.) live in 
'bid dry wood, especially in the case of leguminous trees. This 
’species is not British, but many others are common in warm 
^untries, and slightly injurious to timber. They are large ' 
|aid conspicuous blue-black insects. 

I The mason bee (CItalicodatm muraria, Fabr.) constructs its 
^ains of sand on w^s, rocks, etc. 
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Humble-bees terrestiia, L.) lire in the ground lE 

[societies of fifty to sixty members. 

|';^he honey bee {Apk mcUifica, L.) is widely sjwead over the, 
iji^'th. A hive may contain 1 $ , 600 to 800 d*, and 16,000 to' 
*80,000 b . The S (queen) lives for five years, the S only for 
ft few weeks, and the b for about six mouths. 


Oawai III.—Dii'’fEftA. 

1. Asilidai'. 

Ivianog long and generally slender, the face tufted with hairs. 
Eyes very prominent, 8 ocelli, the suctorial organs forming a 
pointed piercing tube. Antennae short, 8-jointed, the third 
joint elongate, not annulate, terminated by a short bristle. 

Wings when at rest lying fiat on the body. Legs stout, with 
■sharp curved claws. Abdomen with 8 segments. 

Lamar long and cylindrical, with very clearly marked 
segments, white. 

The eggs are laid in the ground, by choice in sandy soil. The 
generation is annual. The perfect insects are bold marauders, 
they attack other insects of all orders and suck their juices. 

Sprria.—Aiiliis cmhrumj'irrmk, L., common in Germany 
and England. 

2. Sjirpkidar. 

Imagos with oval bodies, very large eyes, and 8 ocelli. An¬ 
tennae 8-jointed, the last joint generally flattened, sometimes 
Very long, with a bristle like appendage. Wings much inter-; 
sected with veins. Abdomen variable in form, with 5 to 6 
evident segments. 

Ijorva leech-shaped, of varied colours. 

Pupa coarctate, pear-shaped. 

They fly in July and August in bright sunshine. Their ■; 
flight is of a hovering nature j they remain poised over a 
blossom, darting away when disturbed, and resume their hover -1 
ing at the end of their course, and they emit a bussing noise.? 

The small white oval eggs are laid on leaves and twigs. The] 
generation is doable, or multiple. The larvae, which inhahi^ 
pUtnls, desWoy J^ftut-Uce by wielung out thei|: juices- 



r"’traiFtf£' 

pirastn, L., frequently found on, 
fruit trees and on Scots pine. S. halteadts, Do Geer. 

3. Mtisiidai; {FUfs). 

" JmagoH generally short and stout. Kyes, as u rule, densely 
covered with hairs; ocelli present. Proboscis fleshy. Anleiinae 
short, 3-iointed, the terminal joint the largest, not ringed, fur¬ 
nished with a bristle on its dorsal surface. Wings of moderato 
size, with few longitudinal veins. Legs strong and moderately 
long. Abdomens, with 4—7 apparent sogiuents, gouerally 
scantily hairy, sometimes with an ovipositor in the S . 

Lana without legs or distinct head, soft, and generally 
whitish. 

Pupa coiirctixtc, round or elliptic, brown or bliXckiBii. 

Flics lay their eggs sometimes in decomposing substances, 
sometimes on living animals. 

In forest economy, only the parasitic flies are of importance 
of whicli the chief are the TaMitiiian. 

: Slany species of these flies are parasitic in or on the laryai 
and pupao of other insects, as moths and sawllies. Their ira 
porlunce is somewhat less than that of tlie ichneumon-wasps 
hut they, nevertheless, destroy great numbers ef insects. The; 
pupate generaily outside the host, on or under the ground 
The lan’ae not only suck the juices of their hosts, but, unlik 

those of the ichneumon-wasps, devour their viscera. 

Species. — Eehinomyiafera, L., frequent on larvae of Lipari 
, iiwnachu and Paiwliii pinipcnla. 

The sub-family Anthomijiaae contains a few species which ai 
’ injurious to forest trees, fere.\ample, .4it(/mw//i«rM/(V('j)«,Mei| 
' According to Tlieodor llartig the larva of this species whic 
lives in the ground, especially in burned sods, eats the seec 
% and roots of coniferous seedlings. 

Obbeb IV.—Nbubomeba. 

1. Panotpidae {Scorjiion-flies). 

Irmgot of moderate size, head prolonged into a beak bcarh 
the mouth at its extremity. Antennae many-jointed, setifon 
pairs of wings of equal size, witi few intersecting vein 



ilways longer tlian tlie h^i, 4 to S-jointecl. Body flat Fore- 
singe horny at the base aUd mombranons at the extremities, 
Ml the legs generally eimilar. Tarsi 2 to S-jointed. Abdomen 
jonsisting of 7 to 8 segments. 

Noticeable for their disagreeable odour. 

The species which live in forests are useful by destroying 
larvae and plant-lice, but a few species are injurious, sucking 
young shoots, or the best of older trees. The images come 
Jutlatein the summer, and pass the winter among dead leaves 
or under bark. Pairing takes place in the following spring and 
the eggs are laid on leaves, shoots, and in pracks in the bark. 


1. Venlatnmidne. 

somewhat long, with 2 ocelli. Antennae tong, filiform 
or club-shaped, and generally .'j-joiuted. Scntellnm large, and 
reaching at least to the middle of the abdomen. Tarsi 
generally 3-joinled, with two little lappets {jidrilli) between 
the claws. 

Species—Pentatoma riifipes, L., common in pine-forests. 

Pynhoeoris aptmis, L., often collects by liundreds at th« 
base of largo lime and other trees. 


2. lleduriiilae. 

Imaijns large, and longer than those of the preceding family 
with projecting head and long beak. Ocelli generally present 
Antennae tong, filiform, thin, 4-joiuted. Scutellum small 
■forelegs somewhat thickened, and adapted for seizing prey 
; Tarsi short, 3-jointed, pulvilli absent. 
ii All the species are predatory and able to inflict a poisonoui 
’ wound with the beak. The most important as tegardi 
Jppstsis:— 

g Gem/ mpabmihis, L., which lives in the leaf-galls, pf« 
’ certain aphides on elms. 



CHAPTER VI. 


JNjrmiOUS yOREST IKSECTS (special AOCOUNl 
OP COLEOPTBEA).* 

The greatest number and tlie most I.armful species o 
iniurious forest insects belong to the orders Cnl^U-ra 
Lmdopttra. Next in importance to these come the niemben 
of the orders JTymcnoptira and Orthoplera. Tlie orders Ihp 
tera and IkmipUra, except for the few useful families alread; 
mentioned, include only species which are moderately o 
sli-ditly injurious, and the Nniroptn-a in dentral Europ 
ihclude no injurious species, although ni the south of Luiop 
and in India and other hot countries, the family of /cninto 
or white ants, belonging to this order is probably mo. 
destructive to vegetable substances, though chiefly when tliei 
are no longer living, than any other mscct-family. 

In the following pages the more dt'struc lyo ^ ' 
insects will be enumerated and described. J ho life-h.sto 
Of the most important species, and their relations to tore 
trees and the best known ways of meeting their attacks, w 
also be dealt with, but many less important species whi. 
occur in Dr. Hess’s book have been omitted. Hess has al 
separated the injurious forest insects damaging conifers, fre 
those which damage broad-leaved trees. Owing to the smal 
number of insects here dealt with, this distinction has be 

abandoned. 

FAMlliV I.—ScARABAEIDAB. 

Dmription of Famly. 

Xmagot generally of considerable size and robust build. 

AntSnae short, elbowed. 10- or ll-jointed, the first j 
.elongate, the last 8 or more joints produced inwards 

^ r«r a oowpiata .,aien..tw a.V, Powlar, • 

flie Britiat. Idm," ® val#., bonfea, ISSS-lSSl. 
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i Uke the leaves ,M't| 

- , ■ . ) ' ' 

*bok. . . ' . ' 

The forelegs ere formed for digging, and the tarsi are 


rjoint6d. , * 1 i* 

The abdomen consists of 5 or 6 segments. A generation 

Mts for several years in the ease of the larger species, but 

inly one year in the smaller ones. • 

The hrrae are thick, cylindrical grubs, curved vontrally, 
nth the last abdominal segment large and baggy; ofter 
iovered thinly with short hairs, which may be bristly on th< 
iorsal surface; bead well developed, horny, with distinc 
intennae; legs C, strong. They generally live underground 
Pupae almost hairless, generally with 2 horny processes oi 
'he last abdominal segment. 

In the perfect state these insects, some of which arc ver; 
lestructive, attack the leaves, needles and inflorescence o 
orest trees, whilst their larvae eat the roots of young wood; 
flants. The larvae of other species live in rotten wood, dung 
md in dead bodies. 


1. Melohmiha rvhjam, Fabr, {Common Cockclmfer or 
May-hug), 
a. Bescriptioih 

' The beetle is 26 to 29 mm. long; prothorax black, less ofte 
iddish-brown; elytra and legs red-brown, the fomer with 
levated longitudinal ridges, the depressions between the: 
jvered with fine down. Abdomen black, with 5 whi 
riaugular marks on each side, produced at the apex into t 
longate tapering tail. Antennae lO-jointed; Uieclub T-jointi 
g. the $, in the S smaller and only fl-jointed. Tarsal clai 
|th a broad tooth at the base. 


h. L^e-lmiory. 

lihe Uetks appear at the end of AjurU end in May forabo 
I'or .i weeks. About 24 hours after fertilisation, the femi 
biiTTOWS into the ground,- seieoting a bare spol and, wh« 





flo-f itwfeee).'she lays about 70'dirty white subsplierieal 
ygg in little heaps containing from 12 to 30 each. She then 
rV'Urns to the surface to die. 

The carved lanm appear from 4 to t> weeks afterwards, ir 
June or July, feed in the first year on bumns in the neighbour 
hood of their birth-place, and eventually disiMjrse m th 
second summer in all directions in the ground, in order t 
feed on the>ota of plants. I n the autumn tbe^burrow deepe 
into the ground, returning near to the surface in April. 


j.’i„ nilffurixy I'ubr. 

, (.1). i of m* srith 7 k.nolho. ,■ AiUesM ot fomale , 

® ' Clamdte, .iOrul.. « Pupa (vootml »((»«). 

The larvae also go deeper down when about to fuipalc; t 
change takes place in July or September of the ItM^mely 
3rd) year ot larval life in an oval hole in the ground, the \\i 
of which are internally smooth and water-tight. In ce 
isolated ii«8, pupation is deferred until the following spri 
i.“;The|Bo« generally imerge from the pupa from font 
iiight r® later, but pass the winter in the ^ound, a ^ 
oLsionally appearing on the surface. From the montl 
^February in the 5th or 4th calendar year, the cockcha 
We up from below and take fiight, leaving holes m 
Wund M if made Iw a stick. The favourite llight-time i- 


i'lne evening in may, especially alter a snoweroi mxm rainii 
^ mountainouB countries, tlie cockchafer appears somewhat 
later than in the milder plains. 

The (jencratimi differs in duration according to latitude and 
climate, as a rule lasting 4 years in Great Britain and Europe 
north of the river Main, This forms an 
approximate boundary, south of which 
the generation is triennial.’ In East 
Prussia, swarms of cockchafers have 
been observed at intervals of ,5 years. 
It follow.s therefore that the time of 
development of the cockchafer is not the 
same everywhere, but depends, within 
certain limits, on the latitude and longi¬ 
tude of a place, and on its corrosponding 
(dimate. ,jf there is an unusually targe 
swarm in any given year the same thing 
will occur at slated intervals every few 
years according to the locality. These 
critical years are known as swarm-years; 
in the intermediate years at least a tew 
cockchafers appear, either descended from 
stragglers, which have since continued to 
produce regular generations, or from 
irregular indiidduals in an existing 
generation. In Switzerland, there arc 
three districts, in each of which there 
is a swanu of cockchafers every three 
■s- 75,~Tlir«!.jr»r oid jear.s, but ill different years for each 
fcech gnawed by district. They are termed the Bernese, 

gnibs.wntbloiwof root*, Basel swarm - years, and 

(Xhlitralnise.) , . . 

there is every year a swam-year in one 
! these districts. This fact has been observed for more than 
^ years. ; 

In Chorin, |t has been observed for 30 years, that when in 
jie part of the forest there is a swarm-year, there are nc 
Wafers in on adjoining part, and vice vemi. This is found k 
16 due to the fact, that the larvae in a swarm-year eat all the 
fcyw. qf tbe next y^r m their burrows, ^e strong Iwy^ 




COMJIOS COCKGiaPBR. 

"St a swarm-year also eat all wire-worms and other larvae they 
meet with, besides the 2 )laiits. 

These swarm-years have been little noticed in Great Britain 
and appear to be less marked tban on 
the Continent, the number of cbaters 
appearing each year being more uniform. 

There was a swarm-year at Egham, in 
the Bagshot sand district, in 18i)H. 

The flight of the cockchafer is some¬ 
what heavy, it flaps its wings up and 
down many limes before ascending from 
the ground, in order to drive air into its 
trachac. It can onduro unfavourable 
weather tolerably well, and the larvae can 
withstand a nionlb's inundation 8 feet decii. 

r. llelalliiiiD lo the Forest. 

The cockcbafer is injurious, both in the 
laval and perfect condition. The attacks 
of the larvae are less visible, but arc more 
harmful, osi)ecially in conitoroiis woods, 
as they afl'ect tho roots and la.st for two 
or three summers. They are worst in the 
two last .summers. Scots pine and spruce 
up to 10 years old are most endangered, 
then the larch, and the silver-fir does not 
csoajTe. Broadleaved trees do not siilfer 
from the larvae quite so mucii as conifers, 
but nearly every species is attacked, those 
with tender roots, such as beech and ash, 
being preferred to species like the oak. Fir- TsJi’SfoUi pine 
which speedily develops strong roots. The ' 
bitten surface is rough and fibrous, and not „ y,.„, i,m, 

smooth as when bitten by a pine-weevil, J Two year* old. 

Qr mawed by a mouse, the work of which 
JeMet can be readily distinguished by the characteristic paired 
tooth-marks. ;i 

The larva is extremely destructive in forest- and orchards 
{Oiars^es and in broadcast sowings; whole rows of ydui^ 




I^edlmgs or pricM-out plants may be seen with droopinj^ 
Jind dying heads, and reddish foliage or needles. If they are: 
jnlled up, it will be found that the ends of the roots have beeli: 
“i^ten, and occasionally the larva itself may be found iu sitii at' 
«-,the base of the injured root. Figs. 75 and 76 show the roots 
Tbf attacked beech and Scots pine seedlings. The larvae are 
' also extremely destructive to meadows and agricultural crops, 
i, The imago attacks the foliage of hroudleaved species from 
fMay till July, probably sparing the robinia and pear only. 
>^he oak is most subject to this attack; then follow maples, 
ihweet- and horse-chestnut, poplars, plum and cherry-trees. 
The beech, hornbeam, willows, apple, birch, plane-tree, and 
many shrubs, etc., are also attacked, the order in which the 
different species are selected depending on the degree of 
develo))meut they have attained when the flight-time takes 
place. Conifers are less to their taste than hroadleaved 
species, but the images iu May and June will feed on young* 
shoots and noodles of larch, and the male catkins of Scots 
i'pine and spruce, occasionally on the spring shoots of isolated 
I'flilver-firs. Trees standing in the open, and border trees are 
tpreferred, as the flight of the insect to them is less impeded 
;''than it is to trees in the midst of a wood. Lofty trees arc also 
.preferred to low growth. In 1878, In the Austrian coast 
i-districts, Quercut ptibeacens suffered greatly, and even the 
vwalnut was attacked, a rave event. The oak trees were 
^'completely stripped of leaves, but became green again by 
[means of Lammas-shoots. 

§; The larvae prefer sandy soil in sunny places, bare, or with a 
|icanty covering of grass, and large forest cultivations after 
5ft clear cutting. Extensive cultivations of Stmts pine 
.[jj^rderinlmn agricultural land suffer most of all. Stiff soil 
^yered with dense herbage, damp depressions and well-trodden 
[4*th8 are avoided. The pine forests of Brandenburg show, 
[Sw closely connected swarms of cockchafers are with thd. 

M<uir.«tntiino RtrRtnm, 


d. Jdule). 

J i.[ Natoral regeneration nnder a shelter-wood system should, 
‘-4a mactiaecL Sunno^i! that khis is imuraetic^ie owme id 



^al flohditionB of climate and species of tree, narrow clear-cu 
fellingB, with reservation of staniiards, should be made. Ii 
my case, large clear-cut felling-areas should he avoided 
Successive fellings sliouM then,be continued only after th( 
?oung crop on the last adjacent felling-area has been secured 
in districts where cockchafer damage is frequent, follingi 
ihould be reduced as much as possil)le the year before am 
luting a swarm-year. Measures that keep the groum 
iheltered, cool and moist, render the soil less suitable fo) 
)viposition and for the larval life. 

ii. In case sowing is advisable, broadcast sowing sliould b( 
idopted in Scots pine woods, together with autumn sowings 
if corn, or of liirch seed. 

When only jiartial sowing is carried out, the seedlings come 
ip closer together than in the case of broadcast sowing, and 
here is more danger of the whole crop being destroyed ; the 
lockchafers avoid cereal crops and prefer not to lay their eggs 
n places covered with growing corn. 

iii. I’lanting, and especially ball-planting with strong plants 
s to be preferred to sowing; otherwise, notching with as 
ittle disturbance of the soil as possible. 

In the Eberswald, planting in pits the surface of which after 
dauting is nearly a hand’s breadth lielow tlie ground-level, 
ras tried with success; the larvae which teed very near the 
;round-level in summer crawl from the surrounding earth on 
0 the top of the pits, instead of getting to the roots of the 
dants. 

iv. Pasturing herds of swine in all forest-glades. In the 
warm-y^rs this should be done in spring; whilst the larvae 
,re in the ground, during the whole summer. 

v. Protection of all enemies of the cockchafer!. The 
ledger, mole, shrew, hedgehog, rooks and crows, starlings, etc., 
.tteek the larvae; bats, owls, goatsuckers, shrikes, kestrels, 
,nd harriers destroy the cockchafers. 

A starling willjoften caity off 5 or 6 larvae at once; these 
iseful birds eat only the soft abdomens of the chafers. Poxes 
or starlings to nest in should he always set up around forest 
lurseries. 

^ vl laying-out nurseries, the neighbourhood of oak 
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|roM8 should 1)6 avoided, and the area should be 
Iby ditches. Beds are sometimes made with walls and bottoms ” 
o! stones, and filled in with silted soil. 

I vii. Ovip 3 fition may be prevented by covering the beds with; 
dead leaves or twigs, or by sprinkling them with flour of; 
sulphur. 


e. lleiim/M Measures. 

f i. The areas to be stocked, in swanu-years, should be 
completely broken up with the plough, or trenched with spade 
or hoe, in order to destroy the larvae. This can be done only 
on fairly level ground. Gas-lime may be ploughed into the 
land, which must then lie fallow lor six months. 

ii. (lolleetion in sacks of the larvae which are turned up in 
cultivating the gi'ound, from dune throughout the summer. 
This is best undertaken before a swarm-year, as the larvae are 
then nearest to the surface of the ground. It may be done 
both in nurseries and before restocking felled areas. 

iii. Collection of the larvae by digging round plants which 
.we attacked in the cultivations; this can be done throughout 
the summer. 

iv. The construction of traps for larvae, as follows:— 

a. Sods of grass or heather in square pieces measuring 
8 to 10 in. in breadth are placed with the grass downwards 
on the cultivations. In the forest of Allstadt, Weimar, in the 
autumn of 1870, on 71 acres of ground covered with grass and 
heather, square grass sods 8 to 10 inches broad and 6 to 8 
inches thick, were laid on the surface of the ground^with the 
grass downwards, and from 3 to 11 larvae were found under. 
each sotfin July, 1871. Thus, in a short time, 10,000 larvae 
were collected. 

h. Bolls of bark filled with loose soil, and placed in 
the ground. Successfully' done in 150 Prussian ranges ih^ 
1883-84. 

' . c. Heaps of turf, weeds, humus, burned sods, and dung.; 

Such hetvps afford looseness, dryness, warmth, and nourish¬ 
ment for the larval development, and Heyer greatly recommends ■ 
tlieir use in nurseries. The females also readily lay eggs w! 
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neaps oi aang alternating with layers of earth, and cnonooua 
numbers of larvae may lie reared in them and subseiiueutly 
destroyed. 

d. Traps of slicks or hark. In a swarm-ycar and the year 
after it, at the beginning of the warm weather, fresh pieces of 
bark or thin-baiked, sappy branches 20 to 40 inches long are 
placed horizontally, hall covered with soil, in ground intosled 
with larvae. This may be done betwoen the rows of plants in 
nurseries, and aspen, sallow, ash, oak, and coniferous wood 
can be used. These traps attract the larvae. This jilan was 
tried on a large scale in 150 forest ranges in I’russia in J8N3 
and 1884, 1ml gave only poor resnlls. In alt llio cases 
(« to d), the larvae must from time to time be collected and 
destroyed, and the traps occasionally renewed, Oviposition 
may ha prevented liy netting seed-beds, etc.., in the spring. 

r. Trap-trenches one foot wide and one foot deep are 
filled with moss. These are prepared in .May and cleared 
of larvae once a month up to late autumn, tlie moss being 
replaced. 

/. When a bed of seedlings or transplants has been seri¬ 
ously injured, the remaining plants aipl all weeds .should he 
removed and fairly deep trenches dug round the bed. The 
larvae in the beds will then he starved to death, or come 
out into the trenches, when tliey sliould ho killed. 'This is 
practicable only with larvae not ready for pupation. 

V. Collection of the cockchafers in April and May is 
probably the best remedial method to bo followed. 

The chief points to he noted are;—Tlio work should be 
commenced early in the season before loo many cockchafers 
hW emerged; then only is it practicable to catch the ! before 
they have laid their egge. In order to ensure economy, 
children and women should he employed, and the collection 
made only in the morning or on cool days, when the insects 
are sluggish in their movements. The workers are provided 
/(With narrow-necked glazed vessels, or sacks in the opening of 
which the broken neck of a beer bottle has been fastened, to 
serve as a funnel through which the beetles may he dropped; the 
trees should be shaken over cloths, and payment should be by 
||uautity. Birch border trees round pine plantations, planted 



4 ptotMtive belt, and border trees generally, should be first" 
taken, as the chafers collect there. 

The larvae and beetles may be killed by :— 

Crushing on hard ground. ! 

Scalding with hot water, which gives rise to an extremely 
ipleasant odour. 

Immersion in casks containing a mixture of water and 
itroleum, or 2 per cent, of naphthalin. Both larvae and 
jetles live for some time in water alone. 

Burial in layers in a trench with uiislaked lime, or powdered 
ilcium chloride. 

Subjecting the insects to fumes of bisulphide of carbon. 
Iiis is the best method of destroying them, and was first 
Bcovered by l)r. A. Mayer. When done on a large scale, 
clean empty petroleum cylinder or similar vessel may be 
ied, in which the carbon bisulphide is poured on the 


.sects. 

In order that the gas may have its full effect, the tin should 
3 covered with a sack, or woollen cloth, to keep out the air. 
ights and fire must be kept at a distance during the opera- 
on. A bushel of cockchafers may be killed by less than an 
mce of carbon bisulphide, and the insects die in from 6 
1 10 minutes. 

Where cockchafers are extremely abundant and injurious, 
» in Germany and France, the expense of collecting them 
so serious, that it is lightened as much as possible by 
le utilisation of the captured beetles. 

This is done in three ways; They are used as food for Swine, 
)w1b or geese, being mixed with three or four times their 
eight of potatoes or starchy material; for the extraction of 
coarse oil suitable for cart grease; or for manure, being 
fixed with earth, bone dust, or stable-manure. 

Their value as a food-stuff is about 1». per 10 lbs.; as a 
lanure, about 9d. per 10 lbs. 

vi. A plague of cockchafers, like a plague of mice, being 
fit by agriculturists and frnit-prodttcers, as well as foresters, 
lust^ met by energetic common action of all municipalities 
nd iWege authorities, and in case the interested parties 
tiittsgree as to any common course of action, the State 
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WioaW intemne to compel unanimity. This is done in 
Jrance by order of the prefects. The damage done by cock- 
chafers to agricnllnre in France annually, in greet Bwarm- 
years, is estimated by Le Moult at £10,000,000, the number 
of lame per acre being up to 150,000 in bad cases. 

vii. Cockchafer larvae, termed ven Wanes, have been dealt 
with in France by infecting certain of them with Hotn/tk 
tenncUa or hath <ki)sa. and then putting them into the 
attacked field. The results were not satisfactory. Another 
plan, adopted in 189(1, for forest nurseries is to prepare cap¬ 
sules full of bisulphide of carbon. These capsules are dibbled 
in, 7 or 8 inches deep, and the gelatine gradually dissolves, 
setting free its contents. Ono thousand capsules with SJ 
grammes of the bisulphide cost 25«., and about si\ are required 
every square metre. 

viii. Nothing can bo done to save cnnifer.s injured by the 
larvae, if, beside the tap-root, nil side-rnot.s have boon bitten 
off. Should, however, some side-roots remain, larch at least 
may recover if severely pruned almost to the ground and 
earthed-up round the roots. The inuining limits the transpira¬ 
tion, and the earth round the roots prevents tho drying-up of 
the existing roots and furthers the formation of new ones. 
These measures must bo undertaken as soon as the injured 
plants begin to droop. 

2. MeMontha hippocatUmi, Fabr. 

The heetle greatly resembles the common cockchafer, but is 
smaller, being only 20 to 25 mm. long. Prothorax generally 
red, rarely black. Antennae and legs dark brown or black. 
Tail shorter, more abruptly tapering, and somewhat clubbed 
ii its extremity. 

Life-hutoi-y and economy.—In West and South Germany, 
similar to those of the common cockchafer with which it 
swarms, but in smaller numbers. In East and West Prussia 
in the midst of great Scots pine-woods this species alone 
destroys forests, the common cockchafer confining its attacks 
to agricultural lanfe It does not merely attack the horse-: 
chestnut as its name implies, but nearly all trees. The ■ 
|srvae are highly destructive to young Scots pines, 8 to 6 years i 
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|ild, lut in their fourth summer they attack the roots ol poiesj 
■15 to 18 years old, and even those of older trees. Seasott| 
Jior swarming somewhat early (April). The eggs are laid 8 ■ 
?to 14 days afterwards 10 to 14 inches deep in dry soil, but' 
iln moist soil only 2J to 4 inches deep. The larvae appear in " 
; July, and pupate in August of the fifth year, about 1| feet i 
jdeep. The chafers come out in September and October, but 
remain underground till the next spring. A more northern 
insect than the common cockchafer; in Great Britain confined 
to Scotland and the extreme north of England. 

Protective measures .—Same as for the common cockchafer. 



Fig. 77 .—Mehloniha Fig 78.— 

hipiKx'mldui, Fubr. $oUtiUah>>y L. 


8. Rhkotroflus solstitialis, L. (June chafer). 

, a. Descripim. 

■; Beetle 16’ to 17 mm. long, similar to the two fonner, but 
with the abdomen not produced into a tail. Brownish-yellow, 
with 4 raised carinae on each elytron; the prothorax, scutellum 
ind underside covered with long hair. Antennae 9-jointed, 
»he club 8-jointed. Claws with a small tooth at their base. 

b. lAfs-lmtcry, ek. 

Similar to the common cockchafer. Flight-time some¬ 
what later, in June and July. The beetle attacks young 
Boots pine shoots, but prefers the beech, hornbeam, poplars, 
willows, etc. The larvae devour the roots of small plants 
eh»4iy of grasses and grain crops., The insect is found in 




^^B^haFspecies. It is locally common in many parts of 
fireat Britain. 

Protective rules and remedial measures as for the common, 
cockchafer. 

Family II.—Bophestioab. 

]M»rri/iHon of l■'amihJ. 

hnagos long and slender, generally with hard elytra which 
aper posteriorly, ns a rule brighlly coloured, with a inelallic 
nstre. Anteniiao short, generally serrate and 11-join ted. 
Posterior angles of the thorax rounded. I'ront and middle 
lairs of co.xae globose, the hind pair ilalloned. Legs short 
md weak; tarsi r>-jointed. Abdomen of 
5 segments, of , which the two anterior are 
[used. The active flight of these insects 
generally takes place in Juno and .Inly in 
hot sunshine. A generation usually lasts 
two years. 

Ijan'ue cylindrical or flat, white, and 

without legs j the first prothoraeic segnn'iit ^ . 

is broad. They live partly between the i.. 

bast and sapwood of young trees, partly in . , . ' 

the stumps, or in old decaying trees. They pupate w situ m 
a cocoon made of fragments of wood. Flight-holes of the 
images transverse oval, nearly half-elliptic. 

The most injurious species arc found on broad-leaved trees, 
but in Germany a few species attack coniferous woods. In 
Great Britain all the species of Bupresluhe are scarce, local 
and therefore unimportant. The following species, though 
very rave in this country, will serve to illustrate their life- 
history and economy: — * 

1. Agriltts riridk, L. > 
a. rktcriplion, 

i Beetle 6 to 8 mm. long, very variable in colour, being some 
times olive-green, bluish-green, blue, earth-coloured, etc. 
'under surface black. Thorax broader than long; the las 
j^bdominal segment ropnded at the extremity; apices of thi 
lllytra diverging slightly from one another, and finely dentate 




b. Life-hiat^y- 

tykt in June and July, ^^ees on the bark | 

:gg» laid eifter ^ ^ of gtems exposed toj 

imooth eaplings, especially at the uase e 

sun. . „+ live over two winters before 

fhelarrnrapiiearmAugu, , which takes place in = 

ipril or Mayof the third sumruer 

in a pupal chamber made in the 

sapwood or hast. _ 

The images einergo in June or 
July, leaving a hole ovaUielow 
and straight above, thus: — 
Generation lasting two years; 
the insects seldom appear in large 
numbers. 

f. Malms lo Ihe Forest 

The beetle prefers young beech 
plants, but also attacks alder, 
birch, oak, and aspen, especially 
weakly saplings, generally stand- 
iBC in the open, or along the edge 
of the forest. It is, however, only 
the larvae which are really de¬ 
structive. They burrow through 

the bark down to the sapwood, 
and excavate in it a shallow, 
v*ll-defined win^ag passage 
sometimes extending dee^r 

the wood; it increases in breadt! 

iii - with the age of the larvae. 

• , . ihP unner part Of the stem dies, a 

I II the P’'‘f^^,.®“^!j,e\ark^rojects somewhat all aton 

least in dry localities. » ^ 

flie aides of ^ the the pressure of the callv 



80 «id81.-lni<tty earned to 

= lieoV.aplmg» tj -t. ««.<», U 

Latval gidkry, cn'™'^ *’5' 
oitkcliark. 

:01d toral gaUerio. eapoaod by 
tuptuiro of the hotfc. 
&„VtMOY»l«i8ht.ho!eoof the 

, image. 


rf. Prolective kuhs. 

i. €are in planting out saplings, and choice oi strong -’ 

' healthy plants. ’ , , ’ 

ii. Smearing tlie saplings with a mixture ot *2 parts of clay,-; 
1 of lime, and 1 of cowdung, shortly before the flight of the.: 
beetles. 



Fig. 82 .—I’oplnv-wuuil bored by J^ritm iej:-0llalM, 
llerbst. {Xttural ti:e.) 


e. Remedial Measuree. 

Polling-up and burning all infected sopliugs in May and 
%ebeginwgof June. 

2. Other Speciee. 

L Other species of Agrihe, such as A. anguatuhu, Ill., attack 
Pk, haael. birch, aD4 o&w ^plinge, and should be treated in 



.maniiftr as A. I'iridit. A. $ex-gnttaivs, HelWt, is^ 
aamon in France, where it riddles the wood of old poplars, i 


Family III.-Elatbridab (Click-dbktles). 

DfMripliou of Family. 

Mayos long and slender, hard, resembling those of the 
ormer family in general appearance, but usually without 
oetallic lustre. Antennae filiform, generally serrate or pecu¬ 
late (J), 11-jointed. Protliorax broad jiosteriorly, its hind-, 
males produced and acute. Fore and middle coxae spheroidal, 
egs short and rather weak, tarsi 5-joinled. Abdomen of 6 
legments. IVhen laid on their backs they arc able to spring 
xp in the air with a clicking noise, alighting on their legs. 

Gauratum, S-1 years; length of' time in larval stage 
probably dependent on supply of food, and lasting only three 
years when they are well nourished. 

f Laroat- long and slender brownish-yellow grubs, termed 
with horny, flat, dark heads. They are hghtei 
feoloured below, and have 6 legs and a stump-like tuberch 
;^rving as an additional leg on the last segment; thej 
generally live underground, or in old rotten stumps. Ihej 
Are omnivorous, devouring roots, rhizomes, seeds, fungi 
decomposing vegetable and animal matter, and even other 
dissects. They abound in newly broken-up pasture, or clover 
kyn/f, and are most destructive to agricultural crops, ahd in 
l^try to sowings in nurseries and in tlie forest of acorns, 
ieech-mast, maple or hornbeam, and many coniferous seeds, 
md to the roots and bases of the stem of young coniferous 
md broadleaved plants. 

i:J>«pation underground in July. The beetles emerge a few 
later, and may be found on flowers, or under bark or 
i^nes.' 'Wire-worms are the larvae of beetles of the genera 
Athout, Affriotee, especially A, lineatut, which is t e 
8^ef offender, and of other SlateriAa. > 

^ :The larvae of Ddopivt marginatm, L., gnaw the rwta of 
loung spffuoe end Scots pine, and thus do much ® 
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f seeds of hornbeam. Some species also attack the young 
shoots of trees, in order to extract the sap. Laron mimnu», L., 
has been known to injure the oak in a similar way to 'iVte- 
plumm obscurus, L., and certain species of Cnnjmbitrs do 
similaf damage, so that the shoots beqpmo black, dry and 
break off. 

t Protective, rules.—The conspicuous brown larvae should be 
collected and destroyed when nursery-beds are dug up, and 
turf in w'hich they are noticed may be burned, it is imprac¬ 
ticable to collect the beetles.* Nursery-land full of wire-, 
worms may be dressed with gas-lime, which should bo well,' 
dug in, and the land left without further cultivation for 
6 months. The methods of destroying them aro very expen¬ 
sive, requiring 1,000 lb. of liquid bisulphide of carbon per 
acre, or 10 tons of salt. Rooks, starlings and plovers devour 
them greedily. 


Fajiilv IV.— Lymkxyi.onid.iu. 

Description of Famihj. 

Imaifos cylindrical, long and slender. Elytra not curved 
downwards and slightly gajung at the apex. .Antennae thread¬ 
like, somewhat thickened in the middle, or sorrulo, ll-joinlod.‘ 
Fore and middle coxae eylmdrical or spheroidal. Tarsi 5*. 
jointed. Abdomen of 5—6 segments. ' 

Generation annual. 

Larvae long, cylindrical, soft-skinned, white, free from hairj ’ 
and 6-ldgged. They are generally found in logs of timber hi' 
depots and dockyards, or in stems of trees. The beetles fly i 
round the trees and timl>er in June and July, and lay their - 
eggs in cracks in the bark. Chiefly dangerous to broad-"; 
leaved trees. 

Lyniexylon mvale, L. 

(a) Ikseription.—^ 8 to 10 mm. long, black; elytra, abdO' 
men, and legs yellowish-brown. S 12—15 mm. long, 

P. 

^ • For an awount of {iiotective treatuicnl against ^-irowynw*., ri/U Uia 



ifeiireoiit' head, Bide-margins and apex of the elytra^ 
aye blachish; the latter do not quite cover the abdomen. | 
I,an’o white, with a fleshy hump oh the last segment. 

" do) Life-hhtory.—The beetle flies on warm days from the- 
beginning to the middle of July. The eggs are laid on large 
broken tree-stumps^or on large barked oak logs, but nfver on. 
sound standing trees. The larvae eat galleries into the wood,, 
of about 1 ram. in diameter and deflected at right angles^ 
every few inches. The vertical burrows are somewhat 
crooked, hut the horizontal ones are quite straight. This 
•insect is chiefly injurious in timber depots and dockyards. 

In 1746, Linnaeus found the damage done to oak-timber in 
the Gothenburg harbour so great that he exclaimed hoyr : 
wonderful it was that so small a worm could do yearly so 
many thousands of dollars’ worth of injury. His advice to 
the King of Sweden, at whose command he investigated the" 
injury; %a8 to sink the affected timber under water before the 
iight-time of the insects. „ . . . 

V" Jjymcxylon is scarce and local in Great Britain, but is liable' 

be imported in continental oak-timber. 

Protective riiics.—Smearing felled timber with tar, when 
attacks are feared. 

! A similar species, Ilylnoetue ihrmeito'idee, L., lives chiefly 
'in the stumps of felled trees; it is locally common in Great 
Britain, chiefly in Sherwood Forest, but has never proved so 
lidestructive as LyiMxyhn to timber of commercial value. 

Family V.—Anobiidak. 

Descriptim of Family. 

Jmagos small, cylindrical, similar to bark-beetles, with a 
^wled prothorax which conceals thf upirer part of the head. 
^tenn» lender, pectinate oi- clubbed, more rarely serrat^, 
% I'l-jointed, folded under the prothorax when the insect» 
3'wst; Fore and middle coxae cylindrical or spheroidal; 
^ysi mostly 6-jointed, but 4-jointed in the ease of many 
?pecieA Abdomen with 8 ventiwl segments. Generation 
^ten lasting several years. The Iwtles when disturbed li^ 
'nniionleBa as if dead. 
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strongly curved, somewhat square in transverse * 
■iBeotion, whitish, hairy and G-legged. The beetles appear iu 
the spring or early sunl&er. 

The beetles and larvae live chiefly in rotten wood, partly in 
standing trees, where they eat out galleries which cross one 
another; also in the pith of young pine-sb|pots, ns for instance, 
Ernohim vigrimts, Er.; in spruce cones, AiiMiim abidis,' 
Pair., and others. They also live in fungi, in the woodwork 
of houses, and in furniture, for instance, Anuhiiim gevtinax, 
L., and A.(h)imtifum,¥onK., a small brown beetle ‘2 lines long, 
known on account of the ticking noise it makes as the “ death- 
watch.” 


Xestohiiim Ussdalum, Fabr. 

Liiaf/o 5 to t> ram. long, convex, snbcylindrical, dark-browif, ' 
very finely and closely punctured, and dappled with patches 
of short greyish-yellow hairs. 

The imago and larva bore into and riddle the wood of 
old standing trees (oak, beech, sycamore, etc.) and also the 
timber-work of churches and old houses. Locally common in 
England. 

The attack of AnMidae on trees generally begins at an old 
wound, particularly on the stump of a branch. 

'Treatment — The removal of attacked stems. Careful 
and timely dressing of exposed wounds and branch-stumps j 
with tar. 


Family VI.—Curculionidae (Weevils). 

Description of Family. 

imagot small or of medium size, with the head produced' 
i-iinto a straif^t or bent ros^m or snout, at the end of which 
j^re the small month-parts. Antennae nearly always elbowed, 
§6 to 1‘2-jointed, with a club of very variable structure; their; 
'ijwsal joint is capable of being folded into a groove or scrohe 
Kin the snout. Elytra broader than the thorax. Fore coxae 
^Spheroidal or conical, hinder coxae small and transverse.; 
iLegs stout, the thighs sometimes adapted for leaping. Tarsi; 
fil-iointed. the last ioint birt <®e being generally heart-shaped^. 



^ liiloSeiJl Abdomen of 5 segments, of which the two fii?# 
I^re generally larger and united. Ma^ species have no wings, 
l&eneration usually annual, but it may last for two years, or 
!,’two broods may occur in one year. 

Larvae, thick-set, cylindrical, curved ventrally, the head 
|horny, the body soft-skinned, wrinkled and thinly hairy, 
Jlwhitish and without feet. 

Pupae recognisable by the conspicuous snout and antennae, 
generally with two posterior pointed processes. The larvae 
and beetles eat the roots, bark, bast, wood, leaves, blossoms, 
fruits or seeds of forest trees. 

; There are no galleries made4>y the parent beetles for ovi- 
position, but the eggs are placed in situ by means of the 
snout. Some species are very destructive. Most of the 
beetles drop to the ground from the plant at the slightest 
shaking. 


1. Apoilerns coriili, Fabr. 
a. Ik'seriptm. 

xne ureite is o to 8 mm. long, bright red, with the head 
antennae, a median spot on the prothorax, and the undersidi 
black. The elytra are rather short and much wider than thi 
narrow prothorax, with rows of strong punctures. 


b. Liftr-bisforiJ, eft, 

the 9 in May cuts the leaves of various broadleaved treet 
by a transverse incision made towards th( 
base and reaching the mid-rib.. She ther 
rolls the terminal part into a thick cylin 
drical roll, in which a single yellow egg ii 
laid. The larvjSHleeds on the inferior of thi 
roll, which subsequently becomes detached 
and when mature it pupates in the ground 
The beetle is locally common, thougl 
never abundant, chiefly on hazel, else 
on alder, oak, beech and hornbeam; i 
frequents young shrubs and undergrowth 
Uia nArfoni ai&tA tAnds dts imawinii holos hi ^ leav^ 



83.—Oak-le»f, 
I*. 




2 , Uhyiichike bclnlae, h. 
a. Deum'jition. 

This hi'ctk is 4 to 5 mm. loiif;, black ami slightly haii'yj 
rostrum hardly longer than the head ; elytra 
broad with deep coarsely iiuncturod striae; 
posterior femora strongly dilated in the S ■ 

I). Li/f-buluri/, Hi'. 

The S’ in May cuts the leaves of birch 
and other trees on both sides down to the 
mid-rib in a curved line,'beginning near the 
base of the leaf; she lays an egg on the edge 
of the leaf in a little pocket made in the leaf 
by removal of a bit of its epidermis, and then 
rolls up the two sides over one another, so Pig. Ri.- Bireli-' 
that the gg lies in the middle of the roll,, 
which is open at both ends. (mura list.) 

The larva feeds on the roll, and in the 
autumn falls to the ground with it, and pupates in the soil. 

The beetle prefers the birch, on which species thousands of 
these rolls may be found; but it also attacks beech, poplars, 
alder, hazel, etc. It is common, and widely distributed in 
Britain. 

r. ProMive Rtike. 

The rolls may be collected and destroyed. 

II. Ictukti is very destructive to vines, and also attacks 
many broadleaved trees, as birch and hazel;-and li. populi,, 
attacks poplars and aspens. Both are local in (irea| 
Britain. 




3. StrophosoniM coryli, Pabr. 
a. Vescripiion. 

The heetle is 4 to fi mm. in length, short and thickj wit¥ 
the elytta convex and subspherical; covered with close-lying 
mottled brownish-grey scales, except over the base of the 
auture, which is black and bare; prothorax with a 
furrow: antennae and legs ferruginous. 


h. Life-ltishfi/, elr. 

Pairing takes place in June, and oviposition follows on 
small roots near the surface of the soil. The larvae lie under 
*tho surface-covering, especially in dry places, pupating in July 
and the beginning of August. The perfect insects are dis¬ 
closed in'August and September. They are wingless, and 
j ascend trees by climbing, beginning in early spring to feed on 
|tee needles and bark of young pines and spruce (by preference 
(Hbout two years old). This insect, which is abundant both 
conifer woods and in those of broadleaved trees, is 
;^smionally very injurious. 


. PnkeUve RuIm. 

f. Thorough gi'ubbing-up of stumps and root-stocks; employ- 
»ment in cultivations of well-grown and not too young plants; 
i^rap-ditches; the collection of the beetles in August and Sep- 
^mber under pieces of bark on the gromid, which are kept 
J^.own with stones and visited daily. Collection of the perfect 
^sects fi'om the plants by shaking, which should be done in 
spring; the teetles drop readily. ’ ’ ; 

ol'Mws,Marsh., and SchSnh., aredUied specie® 

l^rsimilar appearance and htes. “ 

^I Tarious other species, as Sitonet lineatus, L., and the 
poWi, weevils covered with bright'or dull green scales, also eat; 
pluds and sho^ chiefly of broadleaved trees. The usutd 
|reatmeut is twrcollection, by shaking, of the insects at thei; 
*meof tJie ilium 
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4. Bdmims nuewm, L. {Nut-iveeriJ). 
a. iJmriiitm, 

Beetle 6 to 8 mm. long, oval; black and covered with 
yellowish-gi-ey hairy scales. Eostrum very long, thin and 
^curved, reddish-brown. Legs dark rust-brown, with gi'eyish- 
j yellow hairs. 

b. Life-history, ek. 

The beetle pierces hazel and other nuts with its proboscis, 
whilst the shell is still green, from May to 
July, making in each nut a single hole as if 
pierced by a needle, in which an egg is laid. 

The larva (maggot) eats about half the kernel 
of the nut, and falling to the ground with 
the ripe fruit in autumn, gnaws its way out 
of the shell, and pupates in the earth till 
next spring. The iJorfect insect oiuorges in 
the summer. Worm-eaten nuts may bo 
distinguished by cither of the holes in them. 

The species is common and may diminish 
tlie seed yield. An allied species, B.ghtndhm, 

Marsh., chiefly attacks acorns. 

f._ Pnleclli'p Uuks. 

' Collection and destruction of the nuts which fall earliest, 
l*'{those infested with larvae). Colloelion of the beetles by shak¬ 
ing. 'titmice attack the green nuts to reach the larvae. 
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6. OrcheMes fayi, Ciyll. 
a. Deseriytioii, 

he Beech leaf-miner beetle i8*2‘5 to 8 mm. long; black, 
Iwith fine grey hairs. Elytra with striae of conspicuous, coarse 
^punctures; rostrum depressed under the body; antennae and 
llegs bright brown. Hind-legs adapted for leaping, their 
llemora thickened and furnished with a small tboth before the 
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attacks woods of all ages', but prefers old to 
ig growth, and especiallj trees Iwrdering the wood, or 
felated trees, as shelter trees in a regeneration felling. It 
ippeared in the Palatinate in 18(5!) in .such nuiuters that in 
inany beech woods scarcely a leaf .was left uninjured. In the 
.fepessart, in 1888, the beetle seriously reduced the rich boech- 
inast. In 1888, the beech leaf-miner was extremely aluindant 
'in beech woods, all over Germany. It is common in Great 
Britain. No protective measured other than tlio encourage¬ 
ment of insectivorous birds are practicable. The beetle i.s too 
active to bo captured in numbers. 


C. Orclmti’s (jurrcns, L. 

ilcc/fe reddisb-ycllow. covered with grey hair, and with black 
eyes and breast, binder thighs with 
serrate teeth. It attacks the oak 
just as tbo preceding beetle attacks 
the beech. It is commonest on 
snppressod oak undergrowth, under 
Scots pines, etc. 

7. Cnij)Uirrliy»chu» lapathi, L. 
it. Description. 

Beetle 7 to 8 mm. long, and very 
characteristically coloured; thorax 
and the basal two-thirds of the 
elytra dark brown or black, with patches of erect black scales; 
flanks of the thorax, the anterior part of the under surface, 
the apex of the elytra and the femora thickly covered with 
white scales. The rostrum can be folded into a farrow under 
the thorax. « 



Fig. h7.— Cri/phyylii/HcfiHi 

fajmffii. I>, 


J. Life-hMmj. 

The beetle flies at the end of April and in May. The eggs' 
are laid in May, in small holes gnawed in the bark of the 
atem, or of the branches of alders, etc. 

The larvae appear 14 days later, in May or June, ahd pupate 
as a rule in autumn in their galleries. The beetle emerges in 



e. Rehlmm to the Forest. 

The black and white alder are preferred by it, then willows;; 
rat poplars and birch are also attacked. If attacking alder it' 

selects young steins (2 to 4' 



years old), but older trees in' 
the case of willows. It is 
therefore more dangerous to 
the alder, and especially the 
black alder. Willow-cuttings 
are also attacked without 
respect to species, and care¬ 
less coppicing giving rise to 
gnarled stools increases the 
danger of infestation. 

• The insect is injurious both 
as a larva and imago. 

The beetle eats the bark 
of young annual shoots down 
to the sap-wood. The larva 
then gnaws under the bark, 
and bores obliquely upwards 
or downwards into the wood 
and often to the pith, thus 
ruining the young stems, 
which die or break off (Figs. 
88 and 89); in the latter, 
figure tlie galleries of the:' 


larvae have beeif exposed. 

;i The attack is indicated by discoloration and swelling-up of 
'^9 bark, and later on by its depression over the points of 
ojury, and by the brown wood-dust which is ejecteS from the 
rarrows, or has fallen to the ground- 


‘ The beetle attacks and lulls isolated stems along the banks 
tf streams where the localities are not too dry, and since 
it , pw JCharand in S^ony.', 


‘;mE-wKBm. fgj; 

li sotiiewtot local, though not uncommon whor 

fit occors. 

j", 

r' 

'■ (?. FruMwe Btiks. 

f Infested plants and coppice-shoots should he cut down b; 
' tho end of Jul}' and burned. 

The beetles should be knocked off tho trees on to clothi 
This should be done carefully, as tho slightest shaking of th 
trees induces the beetles to fall and lie as if dead on th 
ground, where they may escape observation. 



Fig. 90.—Fabr 
rt Imugo. b Larva. c I*U|m. 


8. nyhhiM ahktia, Fabr. (Pme-nn-vU).* 
a. Descripliim- 

lief tie 8 to 13 mm. lorig, of strong build, pitchy-brown, wit 
: 12 or 3 golden (rarely pale yellow) irregular stripes across th 
elytra, and a few sjrots of the same colour near their ape. 
i Head with a strong, somewhat curved rostrum, thora 
f' gradually narrowed from the middle to the apex, with ooan 
confluent punctation and a sligljtly elevated median ridg 
i clothed with patches of thick half elytra Ihrice as broad t 
I' the base of the thorax, and some^ ' elevated at the shoulder 
Legs brown, the femora* toothed^ ,ow (by which it may I 

distinguisHed from Pittodea piiil ., which otherwise greatl 
k’xesembles it), and generally daii than the tibiae. 

* Ihe most. v&luiibl& awsount (rf oj i&tj tiestmotive foTest insect is I 
^Oberfotster von Opj»cn, '* ITjitcwucSrai* die GeuwationsverlialtoisBe d 

18(j5r81 tmdUL , ^ 



1. Life-histfiry. 

Che chief swarming period of this beetle, which lives {roJi| 
1 to 2 years, is in the spring or earl^ 
summer (May or June); but pairini 
and reproduction go on throughout thd 
whole of the wanner season up to Sep¬ 
tember, so that no real period for 
swarming exists. Co])ulatiou generally 
takes place on the ground. 

The eggs are laid from May to»Sep- 
tember on,stumps and roots of the 
Scots pine and spruce, preferably oh 
those of‘trees felled about 18 months 
before. The under-surface of roots— 
and especially of those which project out 
of the ground — is preferred. Hiber¬ 
nating’ beetles ■ continue egg-laying iti 
the spring. 

The larvae appear alter 2 to 8 weeks 
and .up to the middle of October eat gal¬ 
leries, sometimes a metre long (Fig. 91^ 
in the bast and sapwood of the stumpi 
■ and roots; the burrows continuallj 
increase in breadth, and are filled witl 
wood-dust. The larvae, at least thosi 
which have been hatched in the autumn 
pass the winter at the end of thesi 
galleries. They do no injury of an; 
'Ib economic importance, their sources o 


ig. 91,—Soote piue toot 
idled by if. aWrtu, L. 
Botiug Ireo from wo^ 
dost. 
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food being confined to valueless wood. ■ 
In the followingspring,alterhaving.beei 
dormant for about 9 months, the larva 
pupate in the stump or roots, in a cooooi 
constructed of* wood-fibres and boring 
dust. The pupal state lasts about 2 to I 
weeks. The perfect insects emerge frob 
Ma/tQl Swtember of the second yecd 
The perioPof disclosure thus extend 
.pw,Josi|,sxonfte,.c(®ire8RS»,dwg 










I^oae beetles which emerge durifig tln 
lutumn do hut little injury, as they do not appear in snel 
unmbers as in the spring; except tor a few belated individuals 
they pypceed at once to copulate. Nearly the whole suiujue 
through both larvae and imagos may be found. The lattq 
pass the winter under moss, dead leaves, in the grmiml, i 
hollow stumps, under stacks of wood, etc. Von Oppoii foun 
that they prefer to winter in dense thickets of 10- to l.l-yoai 
old plants rather than in older woods. 

' The generation lasts generally, one year only, but imi 
extend to 16 months; only under very favourable climati 
circumstances can it bo less than a year. 

The beetle frequently appears in extraordinary numbers o 
felling-areas, where it is bred, and in plantations which 
destroys. It is very common in most pine woods tbrougbot 
Great Britain. 

It rai-ely if ever dies, moves slowly along the ground, ar 
in times of great heat or cold conceals itself in grass, refuse 
felled trees, earth, etc. 

• 

■ e. lii'laliom to llie h'uml. 

' This species is important in the perfect stato alone, by tl 
injuries it inflicts on young coniferous plants; weakly See 
pine and spruce of 3 to 0 years old are preferred, but young 
plants, even yearlings, are attacked, and exceptionally olh 
conifers (black and Weymouth piues, Douglas fir, silver-: 
and larch). Even broadleaved trees are attacked, duel 
oaks and other species planted in old coniferous woods, 
employed as a slielter-wood for Bcots pine. The insect 

I therefore clearly polyphagouS; , , , 

The damage.is done from May to ^ptember, the bark 
' the young plants being gnawed all alohfe the stem, down 
-the rootstock. The bast or sapwood is exposed in patchi 
^whieh may be as large as a bean, and resin exudes from t 
SWn walls*of the points of attack. More of the outer bark 
lijwoys removed than cif the bast, that the injuries appe 
^ias integular and shelving erosions 6f the surface. 

I way; the young trees are girflled, a 

amali iiknte are oomoletelv peeled, up to their erov 



isSie ieots pine tbe attacks of t& ^etle can^ 
he development of numerous shoots from dormant, buds; th^ 
pruce is sooner killed than the pine. j| 

On plants over six years old, only those parts froin. 1 to o'j 
fears old are attacked, as the six-year-old bark is too hard for j 

die inseet. _ i • ^ 

The damage done is much greater in the spring than late m; 

the summer or in the autumn. 



im. 92, 98, onn 94—Young spruce plantn gu»w<!d by B. nWelis, t'ubr. {murni 
.«(«.) Itt fig. 94, 0 iudicutes the gnawed parts, J those still covered mth bnik. ■ 


' Freshly planted, extensive, sunny clearings near old woods, 
are preferred by thi beetle; especially those in which the; 
Itumps have-been left in the ground, or not thoroughly, 
extracted. The beetle does not appear at altitudes over 3,00(^ 
to 8,800 feet. 
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riding, p^order to prevent its swarming in certain localitiei 
1 the spring. The following are recommended 

i. Establishment of small feeding-areas, as if these ar< 
xtenaive the reproduction of the beetle is greatly facilitated. 

Care must, however, be taben not to go too far in sub 
lividing the felling-areas, as each area is a breeding pla<!e fn 
feevils. 

ii. Interruption in the order of successive felling.s. so tba 
vhen a felling has been made no adjoining area shall be feller 
ill after the lapse of 3 to .5 years. In this way fresh breedin 
naterial is not afforded close to that of the previous yeai 



^Fig, 9'),—ArrangeiiHmt of fellings as dfjscrihwl in ii. 
N. E. S. W. Voiuts of conipuw. 


Pig. 95 shows such a distribution of felling-areas, whe: 
fellings in adjoining areas come every three years, 
f iii. Timely and complete extraction of stumps and too 
from felling-areas in coniferous forests, in order to reduce 
much as possible the number of breeding places for the ! 
^his is the most effective measure of ail. The extraction 
stumps must begin with the felling and be finished by t 
;CiommeDcement of the next winter. It is better to grub i 
|he trees with the roots attached than to fell the trees first ai 
;%ien extract the stumps and roots, and the former method h 

e followed for many years in Hesse and Nassau with ve 
lesnlts as regards the diminution of the numljers 
'iis. 




iv. the felling-areas should be rapidly cleared iH" sU reinse, 
rid all sickly and dominated undergrowth should he removed 
iefore the area-is planted up, as such growth affords ver^ 
?vourable shelter for the weevils. 

V. It has been proposed by Heyer and other authorities 
hat planting should not te attempted until one or two years 
ifter the felling. By this time it is hoped the remains of the 
roots will have dried up and become- unsuitable for breeding 
daces. Br. Hess considers that this involves too great a 
sacrifice of time and interest on capital, even if it avoids the 
necessity for replacing 60 per cent, of the plants, and also 
Ihat the consequent deterioration of the soil entails more 
sxp'ense than the cost of replanting the failures. He estimatet 
that an interval of at least 3 years, instead of 1 or 2 years, 
is rfequisite to cause the roots to dry up and become iucapabh 
of serving any longer as breeding places, 
i vi. Strong transplants should be used, together with 1 to £ 
years’ temporary field crops. Ball and mound planting an 
Recommended, and Ndrdlinger prefers autumn'planting, as th< 
pants are less liable than those put in in the spring to attacki 
by the weevils. Temporary field-crops involve a thorougl 
Wking of the soil, and this requires complete eradication o 
|he roots of the former crop of trees. 

I In Saxony, wherever there is danger of an attacl^f weevils 
iSpwing in patches is preferred to planting. 

,* vii. The-plants maybe dipped in a mixture of chalk am 
Iwater, up to half their length, before being planted. This 
liear Cohlentz, "cost 1«. 6d. per 1,000 plants and prove 
isnceessful. Plants in eitu may also be dressed with catei 
%lla? ©rease at the rate of 600 plants per day’s work of te: 
^ours.' The operator makes with his finger a small trenq 
'»und each plant, greases the stem and top of root, and the 
-'lieaps the earth again around the plant. . 

viii. Broadleaved tre^ may be mixed w^ the conifers. 

Sheep may he fed over the, felling-area, as the 
‘^ppings are olmoxious to the beetles. 

X. Prdtecation of jnsect-enepiies: the fox, rook, crow, 
'^linfo etd. The H^alpd^.3S0rm, AUanion^ma.mml^^ 
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£he beetle'‘‘aad produo'es living young. They come out 
and grow in tl>e ground into a form of Uhabditig that 
lays eggs. The worms from these eggs eventually enter the 
Hyhhm. 

e. RemeilmI Meafum. 

i. Trenches to trap the beetle Bhould he dug. Those may 
be ntilised either for. isolating the plantations, or merely for 
catching the beetles. The isolating trenches are dug round 
the felling-areas early in spring in order to separate them 
from neighbouring cultivations, and to collect the beetles 
which may appear within their radius. The other class of 
trenches for trapping the insects is dug within the foiling-; 
areas. If this plan is followed, all cultivations are isolated, 
The‘trenches must ho kept in order, and repaired after rftiny 
weather; all beetles which are found in them should be 
collected daily and crushed. As many as 1,'200 beetles have 
been found in one of the holes made ten metres apart in such 
trenches. 

Unfortunately these very effective measures are not always 
possible, for instance in stony or very loose ground, or on 
steep slopes. The dimensions for the trenches are given on 

Klii. .'VrtificiaUbreeding-material may he sn))plicd in June, ih 
‘the form of tfmootli-harked pine or spruce polos 3 to 5 feet 
long and 2 to 4 inches thick, cut when in full sap and buried 
-in the ground at intervals of 30 paces apart, ohlbiuely, so that 
' one end is 10 in. deep in the ground, and the other about 1 
lor 2 in. above the surface. In order that the bark may be 
^jreserved intact, the holes must bo dug Iwforehand and the 
Inieees of wood placed in them and covered with eartli and 
^ds, which should be sligfctly trodden dora. 
p These traps should he placed both the years before andaftei 
I* felling in the felling-areas, but are useless in cultivations; 
Ithey should be carefully pulled out in totember and Octobei 
burned, so as to destroy the larvt^hey contain, and u 
ferder that none of them may be overlooked, they should b« 
l^laced regularly, or a smaUiitkk should be stuck in the groom 
^jCje^eh of them.; 



“ pSiiciple involved ie to provide dfti^wibreedmg-pttoe® 
ijn areas where by careful contraction of stumps naHram 
breeding-places are about. The larvae are thus fixed in definit^ 
localities, where they can easily be destroyed. Van Oppen in 6| 
^ears (1886—1891) protected 268 acres of felling-area in this:' 
way, and oh 1,373 pole's found 91,400 larvae, the cost being 7(l4 
per acre, or lid. per pole. 

iii. Traps made of pieces of bark lying on pieces of cloth. 
may be distributed about the felling-areas and cultivations 
between the months of April and September, and must be 
renewed two or tlu-ee times during this period as they become 
dry and cease to attract, , 

The best size is from 12 to 16 in. long X 6 to 8 in. wide.. 
They are placed with the bast downwards and .sometimes 
sevaral one over the other, and pressed down with clods or 
stones to keep them moist. They must be searched daily for 
the beetles. From 25 to 60 are required per acre, according 
to the abundance of the insects. Coniferous bark, and, by 
lireference, that of the Scots pine, should be used. 

,, Children collect the beetles better and at a cheaper rate than 
■adults. It is a good thing to place fresh pine twigs from the 
youngest shoots under the bark to attract the beetles, which 
will be found eating these twigs when the bark is lifted up. 

, - Wide fiattish bottles containing a mixture of acetic aciu, 
Wood-tar and turpentine may be placed in the ground, the 
‘tops level with the surface and covered by a piece of bark. 
;The beetles are attracted by the smell, creep under the bark, 
.and fall into the bottles. \ 

i iv. Cultivations may be searched over for beetles by* 
children or labourers engaged in plantation work just before; 
lOie midday or evening rest, With good results, and at a vei^ 
j^feht expense. ■ . 

X The above remedial measures, if steadily pursued, will rendet; 
^e attacks of these insects of no importance. The beetles' 
=hould be killed by .amshing on a hard surfece or by scalding.^ 

'tn Germany, piimtri, Gyll, a smaller species*!^ 

'Jc-oevil, does similar damage to that caused by H- Metis, and; 
'^ould be d^lt .with in the saa^pwmer. H, pinstt, ®’ahtj|> 



NOTATpC 235; 

9. Piuodes notatm, Fabr. 

^ Desrri/itimu 

Beetle 7 to 8 mm. long, of a reddish-brown colour, and 
rregularly sprinkled with bright-coloured B(iuainous liair.s; 
orothorax with about 8 yellowish-white spots, its biu<l-angloa 
icute; elytra with impressed lines of punctures and two broad 
ferruginous or whitish bands, the anterior one intiTi-iiptcd at 
ihe suture. 

Ii. Life-hishry. 

Period of Jliylit; Api'il, May and June. The eggs arc laid 
in the two latter inontlis, generally on the stems df young 


a 



Fig. 06.-'/'wW»‘s uo/afHS, Fabr. 

(t and b Imago. <■ TAirvii. (( I’npa, 


eoniferouB plants and preferably on the lowest inteniodes, but 
also on the trunk or roots of older plants, on felled trees and 
stacks of firewood, and on cones. 

The lamie appear 8 or 4 weeks afterwards, in June and July, 
fpod live between the bark and wood, pupating in their burrows 
at the beginning of August. 

The beetles emerge from the middle of August to the end of 
September, and hibernate at the roots, between cracks in the 
hark, under moss^,litter, or in the ground. 

Larvae and pupae of this insect may also be met with during 
the winter, and the beetles from these appear in the spring. 
peueratmi single. The insect is widely spread, but less comii 
i^jtfian llyMms. This is sfecidediy the case in Britmi^] 



P.' lioi^tas is"' atmOBt 

conifer woods of Scotland. 




97,—Onccons 
Jot i*. MttttllS, 
■'Fabr., «a the 
stem of'a young 
jino. In the 
portion covered 
Witt hark a 
;a|jpBe a^cttito 
’bat heou out, 
under which is 
n flight-hole. 
.{JTntwfll aiai.) 



flS, Pine- 


t. Relatims to the Forest. i: 

The beetle in May or June pierces the' 
bark of Scots and black pineS, more rarely 
that of the Weymouth pine, spruce or larch, 
near the rootstock down to the bark and sap- 
wood, partly to feed on the sap, and pj.rtly to 
lay its eggs there. It prefers^ 4- to 8-year-ol<l 
plants, but also attacks poles up to 30 year! 
of age. The perforations resemble fine needle 
holes, and are very numerous. 

The larvae eat their way between the wood 
and bark in descending, slightly winding, and 
constantly broadening passages, which becomf 
filled with wood-dust; at the extremity of the 
burrows they construct oval cocoons made of 
wood-fibres, out .of which the beetle bores its 
way. 

The insect is more destructive in the larval 
stage, riants which are attacked may bi| 
recognised in July by small drops of tnrpen 
tine on the bark, and by the redd'Sning ant 
eventual death of the’needles, li itriiasno 
Wn girdled, a few green twigs may still b 
noticed on the wiltffig plant. 

The larvae also live in the younger conet 
often tivo or three together. -Later on thes 
cones become yellowish-grey, and may b 
recognised by the circular exit hole of tb 
b^lle, which is about the size of No. 6 ( 
No. 7 shot. , 

d. Protefiuie Rules, 

i. All sickly plants . an^^dominated sten 
sllould!»removed. 

ii. All rootstot^ should be grubbM » 
and ail felling rapidly clwed. 
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e. Remedial Memwee. 

f- L Young plants containing lamo should l)e pulled up and 
burned in June and July. 

; ii. All poles which have been attached should be foiled and 
barked. 

iii. Billets of unbarked fir-wood should be laid about, as for 
IT. ahhtk, in order to attract the beetles for egg-laying. They 
Should be removed from the middle of June to the middle of 
July and burned. 

iv. Cones attacked by the insects, and recognisable by the 
exuding turpentine, should be collected and burned. ■ 

10. Oilier Hpeciee of l^imdee. < 

Another species, Pmoihs jiiiii, L., attacks almost every; 
.species of pine and also young spruce in a similar manner to 
P. notatue. In Great Britain it is confined to Scotland, where 
-it is locally common. It is a rather larger insect, with the 
anterior fascia on the elytra reduced to a few pale spots and 
;&e posterior fascia much narrower. .Other species of Pimuke 
destructive to conifers in Germany arc P. jihiiphiltie, llbst,, 
on Scots pine; P. hercyniac, llbst., on spruce, which has, 
been very destructive in the Harz and other forest districts in 
Germany; and P. pieeae, III., on the silver-fir. 


Familt VII.—ScoiATin.4E (Babk-Beetlks).* 

• • 

Deecription of Pamily. 

j Beetle small and cylindrical, resembling the Anoliulae i,., 
?their general 'form. Head globose, rarely produced into a 
abort muzzle, and inserted deeply into the convex thorax;' 
|ihtenna6 short, more or less elbowed, and terminated by a largBj 
sidnb, their funiculus composed of 2 to 7 joints. Legs short,.; 
jibe tiiate spined or toothed on their outer border, the tarsi; 
^th four evident joints, the third sometimes biloted. Abdomen 
S sclents, the two first of which are generally fused. 

BtdihoS, W., ‘fUie EumpateheB BorkenkSter.” Berlin,ISSl. _ The uam 
i;#. the Biwipbcet^... 



annual, sometimes biennffl,’l>r exliiS^ 
pig fever a year and a half. Larvae cylindrical, curved, wit]| 
^beroles bearing strong hairs, apodal, and closely resembling 
we larvae of weevils. 

I} Pupae short and thick, with a few spines and hairs. 

{; The larvae and beetles live almost exclusively in the bark, 
bast or wood, more rarely in the pith, of our forest trees. They 
attack roots, stems, branches, twigs and young shoots, and 
young or old wood, preferring the latter. The kind of tree 
yhich they attack, and the arrangement of their borings, is 
usually characteristic of each species. The beetles penetrate 
Into the' trees by boring a small entraiiee-hole, like a shot- 
Wund, through the bark. This is usually accomplished by 
?, but in some polygamous species the s enters the tree 
and excavates in the bark a small pairing-chamber. From 
this chamber, or from the entrance-hole, proceeds the gallery, 
which is made by the ? , and in the outer surface of which a 
W air-holes may be perforated. The galleries may be divided 
into those constructed in the bark or alburnum, parallel to the 
jxterior surface of the trpe, and those which run more or less 
.ertically into the wood ; the former may be subdivided into 
ohgitudinal or transverse simple galleries, forked galleries, oi 
dellate galleries, the latter being formed by sAral S’ boring 
adially outwards from the circumference of a riffi^-chamber. 
he form of the gallery is in the main c9&ht for each 
peoies, but may be modified by the size of thuirtMH which is 
‘-tacked, by the absence of knots,- etc., or by the over- 
|)undanoe of insects boring in the same trunk. The ? lays 
eggs as a rule in small hollows bitten out alternately on 
i-A side of tlie gallery she is gradually excavating^ packing 
in with wood-dust. The larvae, after halSching out, eat 
iiieries which, radiate from the breeding gallery, becoming 
iadually wideir with the growth of the larvae, and filled with 
feod-powder; .they pupate in a chamber formed at the end of 
ie gallery-either in the bark, bast or sapwood. Finilly the 
^Ues eat them way out through round boles— 

■Him dianjetprof fteir own bodies. « . , . 

|Tbit:jife^^’|euerBl'mode-jg Ijfe'nf tim bark-l^i^.' 





naae .raguiai: gauerius, uut merely enlarge tlie egg ehamners m. 
he wood of the tree, and the mature insects escape througlr 
he bark by the original boring made by the mother. 

Bark-beetles are specially addicted to conifers, and most of 
heae species are raonophagous. An occasional departure 
fhich they may make from this riilo is to bo looked upon as 
,n exception due to local cireuiustanoes. There are also 
lumerous species of these insects which feed solely on coni- 
erous trees or on broadleaved trees, butr without attaching 
hemselves exclusively to a particular kind of tree. Even the 
ew polyphagoua species show an individual preference for 
ither coniferous or broadleaved trees. There are no panto- 
diagons bark-beetles, which eat herbaceous as well as woody 
dants, whilst those which only attack herbaceous plants are 
'ery few in number and without interest to tile foi'esler. 

Bark-booties prefer fresbly felled stems, but also attack 
itanding trees’; they then couinieuce their attacks on sickly or 
njuved stems. A certain degree of warmth is necessary for 
hem,and the flight of, tv/., Tomkas liiixiiintpkiix, L., begins 
jjjly when the air temperature iB</68 ' F. Even the hardy 
5. chalpiuiraphus, L., requires a temperature of llT' F. 

This family of the Coleoptera is generally I'egarfled as the 
noet important which the forester has to guard against, owing 
o the large number of very injurious species which it con- 
«ius. Fortunately, many of those are unknown in Britain,: 
)r are so rare as never to have been classed among our 
iestruetive insects. , 

Judeich and Nitsche distinguish the subfamilies of injurious 
aark-heelles as follows;— 

Tomicini. True bark-beetles: Head hidden houeath the 
prothorax. Antennal funiculus 2—6-jointed. Tarsal joints 
Ample. Apical declivity prominent and generally toothed. 

Hyledni. Bast-beetles: Hoad prominent, not concealed 
beneath the prothorax. Antennal funiculus 6—7-jointed. 
Third tarsal joint usually bilohed. Apical declivity without 
teeth. 

Scdytini. Sapwood-beetles: Head prominent’. Antennal 

rr Q/iiiT’rralv anV 



A. SuBrAMiLY Tohioini. 

Description of Stihfamily. 

?l,^Head 'generally roand, hidden beneath the thorax.-and' 
^sarcoly visible from above. Antennal funiculus 2 to 5-iointed> 
thorax not contracted in front, convex or subspherical, itsj 
surface covered in front with small asperate or tubercular: 
projections, behind usually punctate or smooth. Tarsal joints 
iimple, npver bilobed, the first much shorter than the other, 
three together. Elytra sloping downwards at the apex, the 


» 



Fig. 99. Tomirifu tyiwjraphutt^ I,. 
(1 Imago, b Liirva. e Pupa. 


^sloping portion, termed the apical declivity, sometimes im- 
ipreascd or excavate and often toothed. Under-surface of the 
: abdomen flat. There are 11 genera and 29 species recorded 
Britain. 

i" They generally live between the bast and sapwood, some 
"entirely in the wood, and a few in the outer bark, and are very 
iieommon in coniferous forests. 


1, Tomicus typographas, L. 
a. Besaiptm. . 

4*6 to 6'5 mm, long, stoutly built, dark brown oi 
(tfeokisii, Bhining, hairy, with testaceous antemae and lega 
‘?i^d with 'Asmall tubercle immedistely over the mandibka 
.'^oTM.as broad as long, its dorsal surface with rather fini 
rover half. 



.#11*69863 alfifte, eomewliat finer jKisteriorly, the intervals fiat,. 
Jfiot punctured except at the sides and apex; apical excavation 
?aull and irregularly punctate, with four teeth on either side, of 
which the third is the largest. 

Ltfe-l/ixiori/. 

Flight-time at the end of April or in Jlay, at higher altiliides , 
at the beginning of Juno. Under favotirahie circinnslances a 
second brood may appear in July or August. The beetles are 
found in pairs boring into the trunks of largo siinice trees 
'mder the crown, especially on 
he sunny side; when they 
each the bast, they prepare a 
rreeding chamber; after pairing 
he S excavates one or more 
talleries running in the long 
ixis of the trunk, which besides 
-he original bore-hole, may con- 
lain 2 to 5 air-holes. On the 
right and left of the mothor- 
jallery she bites out little re- 
sesses of the size of a poppy-seed, 
md lays in each an egg, generally 
» the number of 80 to 50, hut 
iometimes as many as 120, 
which she covers with tine 
wood-dust. 

After 14 days' the first larvae 
appear in May and June, before the egg-laying is quite 
completed, and eat out slightly windhig galleries in the bast, 
somewhat at'right angles to the direction of the mothwj 
gallery, pupating at their ends in a chamber in the bast. 

The newly disclosed beetles leave the trees through round 
holes in the bark in July or the beginning of August, and 
hibernate in stumps, cracks in bark, under bark, and mote 
rarely in moss. When they come out early, before the end (d 
June and under other fafburable circumstances, they at once 
commence to lay eggs for a new brood, from which beetlw 
appeot, during 8@»tem,ber at the ^test. 



FijC- T. fi/pi'ffrap/im, 
L., iu 

('omuieucfiiit'iit 

with {«/; lUi'l t*gg- 

(/') 




i$ tlrns distributed over the various stages: egg, li 
I, weeks; larva, 2 weeks; pupa, 3 weeks; and imago, 3J to i\ 
^eeks. When circumstances are very favourable they can- 



reach maturity in 6 or! 
8 weeks, but in very 
unfavourable circum¬ 
stances, damp cold 
weather, or in shady 
places, 12 to 13 weeks 
are required. 

The generation is 
therefore either single 
or double, but in moun¬ 
tainous regions, such as 
the Thuringian forest 
and the Erzgebirge, 
a double generation is 
much rarer than in thfe 
plains. 

In rare cases where 
there is abundance of 
food and a very large* 
swarm of beetles a 
three-fold generation 
has been observed. 

This dangerous pest 
has fortunately been 
very rarely observed in 
Britain, and has never 
yet been-recorded as a 


t Pairing-thanite (with entr»nce-holc). destructive insect., Ob- 


i M 0 th«-g^eri« (y^tal Md fctked). nervations on the durat: 

tion of its generation u|; 
fhis climate are therefoi-e wanting, but it is probably an annna| 
r«je. As other insects, such as Ayfofioiw dwpar, Hellw., which 

, 4 '' '' 

■E-^ iTon Kvi<twa,cCteii foniid is pieces d bira, W cm. losg asd hroad, ns maaj^ 
toiSq.'ilioeHe^ .»pd IfW psira of lijeflas sttaohiog one tree is the sprindi 





• .WehamW. • 

J Mothffi.g»itey. • 

^la to.WWW ->6 »■• 



iiBjortea from titne to time in the hafK’ti hi^ioH® 
ij>ttic6*tmiber. - 3 

Bark-beetles are generally slow and lazy insects, which oh^ 
;lh very warm weather will fly to the top of trees. A flight oi? 
them to remote places is therefore a rare* occurrence, due t^ 
over rapid multiplication and want of food. 

e. Relations to the Forest. 

'ime beetle, both as a larva and as a perfect insect, does; 
physiological damage to conifers. ' 

It chiefly attacks old spruce trees, generally those between.' 
:i80 to 100 years old, and very seldom when under 50 yoars.J 
It is said to have been found quite exceptionally on larch and; 
flcots pine and on the Cembran pine. Even if, in these* 
cases, it has not been confused with the extremely similar' 
■species nmitinus, Eichh., on the larch, and T. eemhrae/ 
Heer, it must be admitted that T.’tppographns only appears in 
^swarms in spruce woods, and only attacks trees with thick bark, 
The injuries are confined to the bast-layer, and are fatarto 
the trees which are attacked. 

The resulting disease is called spruce-canker. Symptoms 
•of the attack are—yellow or red discoloration of the needles,; 
*greyness, loosening or falling off of the bark, numerous bore-i 
“holes through its substance, and the presence on the trunk olj 
boring-powder ejected from the burrows. - * 

j Trees infested in the spring appear differently affected tol 
’-those injured in the summer. The needles change colour" 
.rapidly in the former case; in the latter the needles remaia; 
ircen, even whilst the bark has already partially failed^ 
|)ff. This depends on the difference in the movement andj 
composition of the sap at the different seasons of the year.l 
|n the spring, the ascent of water from the ground is cut*of| 
the crowns of the trees by the destruction of the basl 
.1^^|plia^ at once begins to change colour. In tS| 
^ descent of the supply of nutritive, mab 
l^yj-j^Ij^ves is out off, while the crowns still 
: nUw&^J hence the needles remain green while 
, SeVertirelesB trees attacked in sumn 



row'eui if therefore ei&aordinarily destructive 
i)', spruce forests, and may be considered the most destrucg 
ive of all European forest insects. The beetle prefers treei 
reshly felled during the season of growth and also sickly 
landing toes, but when it appears .in large numbers, even 
ierfectly sound toes are attacked. It avoids barked logs, and 
-arely attacks stools; it utihses only the upper layers of fire- 
-vood-stacks tor oviposition. Its favourite resorts are thinlj 
stocked woods, and the borders of felling-areas, generally in 
sheltered, dry warm places with a southerly aspect. Its dis¬ 
tribution extends far north and high'on the mountains, which 
ii prefers to the plains; it is hardy and but little affected b| 
unfavourable weather. ■ 


J ' ' d. ProterUve Ruhs. 

i. Ppruce-toes should be grown only in suitable localitiei 
They should be mixed with silver-fir, and there should be early 
and frequent thinnings. 

\' ii. The woods should be inspected every May, andtlll sickly 
;:;6ees should be removed. , 

f iii. All rules applicable to the locality for protection againjt 
. windfall, snowbreak, etc., should be observed, as all broken 


wood affords good breeding material for bark beetles. 
iv. All broken wood should be speedily barked and worked 
4np, including semi-erect toes the roots of which have been 
■^ loosened by the wind. In this operation standing trees shoul^ 
I’be injured as little as possible. 

*£ ,v. Damage by game, especially peeling, should be guarde^ 


vi. Extensive clear-cutting areas should be avoided, and thei 
Twlling areas should be cleared al soon as possible. Above al| 
• 3 ^ woods should be kept clean., 

Bmall felling-areas as are usual in the Thuringian fore^ 
'Sfould be adopted, in conto,-distinction to the lar^e fellm® 
"Ireas in the Harz, where the insect has bw niforibus^ 
injurious. 

.r' m AH logs dnfcmded to remain for any prolonged time 
■Ire forest shoufil^ barked, • , , 





ji'S'wofk aWd nolTbe"»riel*OTt till May, hro^r 
4 kme, which may have developed in the logs may, 
;;s^oyed. Barking in May is also cheaper than in' wintel 
? the work is easier and the days longer. All large fuel Ic^ 
aopld be split so that their bark inay be limited to'narrov 
trips. They should’be stacked with the bark downwai’JB 
'diools remaining in the ground should also be barked. 

» viii. Trap-trees should be prepared for felling (see e, i.). 

is. All enemies,of bark-l^etles should be preserved. Tom 
Hs, golden-crested wrens and woodpeckers are most importan 
■n this respect. When a swarm of bark-beetles is approact"'"' 
aitinotion. ichneumon-wasps appear in great numbers. 


Semedial Medmem. 

j;'i, Trap-trees should be felled from March till Septembef 
%id should 1» barked and the bark burned as soon as th 
Ajwse are full-grown. Old or somewhat dominated spruce 
"^s with small crowns should be chosen, especially when th 
ibbt-std|k has been somewhat loosened from the soil by th 
i^d, as such trees are more readily attacked by the beetlel 
Iji the spring, whilst the weather is still damp, it is sufficien 
im fell new trap-trees at intervals of from 5 to C weeks, but n 
ahmmer this should be done at least once a month. The Iocs 
^Sight-periods should be followed in this respect, and from 81 
iJ4 days before trap-trees are barked fresh'ones should be felled 
'! In orto to facilitate control' the trap-trees should b 
’iombered, and a register kept up to record the development o 
beetles.' Cogho reckons 6 trap-trees for 100 paces alo»i 
-■•>6 boundaries of the felling areas. 

ilatzebmg reeomm'ends that the trap-trees should not ^ 
"l^ived of their branches, jffid that they should be placed d 
^'timps or stones, so that the beetl^ may bore in from belm 
a ,#6ll as from above. Most authors agre^vith this adviof 
--^I'lsehbaob recommends the lo{^g offjHfe branches, 

^ ' Up the soonw, wd, W M^Pmimteins t^ 
inly Sdtack ^pped ;tre^, ip eontraij I 

r^jmmends'thkt the hta^k left, m 
*hd-' 'IkliuBe' numbers' f. 




w u»tkea at latest as soon as pupaHon Of tip| 
^.S™a, »d .11 the b„k «..t he J 

B Ih. tekihS be lohiiet t^^ll U* 

loape, and if it be done too early too many teap-tiees-vnl be,, 
tau^^ed of the beetles will oriposit in standing trees. . 

V bark must be carefully removed over cloths, and tbis^ 
awld be done on cool moist mornings, as the beetles 

this may kill larvae which are really exposed but in to 
ase’ oi thick bark many would e§cape, ; 

‘T X n^elto bmehe. .nd t.ig. -beeW 

tat Is.™- be*'“«‘'«- “ I'ttS 

1^., as the beetli can find their way out 
?' ii All standing spruce which shows signs g 

luld I Mled and barked in June, and to ba| 

the case of a large swarm of tose heeto, ^^tr^ 
Wcked must be felled, tb« larged' log« “ ^ 

The bwjtles were 0 M.M 0 n.lly»lb'™®bbt“®^ 

crr»n Ae»»P»,»8T. 



Itomt. ’the Ainiage done ww^e'^n OB'*! 

Male: between 1872 and 1874, ob 9,012 hectares (22,580 
■re«), 8,682,050 cm. (127,964,000 c. feet) ol woud, or abou| 
0 e. feet |»er acre, were fellod. Thus altogether in Bohemii 
p4 Bavaria 162,500,00 c, feot of wood was killed by these 
■sects. The calatnity attained its maximum in 1874 atid 
^edinl876. 

j^ter e severe windfall in the Vosges Mountains, in February,' 
S08, tyjxtj/raphut, L., ijltaeked the spruce woods,* especially 
■ the Comunmal forest of Girardmer, where, on 250 acres, 
,216 spruce trees were killed in 1904, and wore iuimtsliately 
;Ued, and the bark with the larvae burned. In 1905, about 
alf that number of trees were attacked, and also felled by 
'.tato agency, as well as all woiikly trees on the threatened 
tea. These latter and all windfalls were left lying as tree^ 
raps, and wore eventually infested with larvae. They were 
arefully walcliod, ami when full of larvae were harked ^and 
~a hark exposed lo the sun. At the same lime, larvae of 
ia^iyUnidae (IlnmaUiiiii piisilhtm, (irv.), carnivorous bMtles, 
ore found jn the galleries of the hark beetles tlJe Gail). 


2. Tomkus amitiinix, Eichh. 
a. Iksfrijitmi. 

Imayo 4 to 4'5 mm. long. It greatly resembles the foregSug 
pecies, from which it can bo distinguished as follows:—Head 
without frontal tubercle; interstices be* 
tween theelytral striae punctured through-; 
out; apical excavation with a silky lustre^ 
with regular rows of punctures. 


. k rjfi~kkiory, etc. 

Bimilar to the foregoing species, hijl 
besides spruce the beetle attacks Sc(^ 
pine and lareh more fi-eguently thttn 
T. typographuc, h. Its mother^allenM 
are bifurcating and frequently stetUhS 
the larval galleries start at an ohli^ 





^ * iilgsag direction, 






(Slliufl ^-todthiu 


« 

fomiais (Pili/oiifiicx) chalmiiriqihus, Jj. 

IhrLha-lle). 

: «. Pfm-i/itioH, * 

2 mm. long. \pry shining, almost glabrons eithJ 

SLf'*-' contracted towards tih« 

«n? P«ncture<l, with a smoo^ 

^ f ^ 'mpnnetate, opical excavation narroS 

a*'med with sS 
^ elytron, whmh are larger in the d than i|^e s. 1 

■i- Lifn^hulorg. ,,'4 

April and May. The eggs are kid | 
r W lai-vae appear in May and Jane • _ 








JMT way out M*v«*j. - ^ ^ .. . 

I ^ Iffval, pupal or imago stage; tlie generation is aeua yl 

Onoal. B&metimestn-ieein'theyear. _ . „ 

i T. chalct>gr<iphm is mueli less rare in Great BriUin tliaW 
Uypograplw-M'- ho'^over. Iwl and not usually 
ambling in tb'is resi)ect niauylitber insects 
.ptuce„which is not ,an indigenous' tree. On the Continent» 
^eraliy accompanies the two preceding species. 

c. Relations lo Iho Foital. 

This bark-beetle ordinarily attacks only the sprucg. 

■owever, occasionally been found in silver-lir, larch and Scola| 
..inc and also on Weymouth. Cembraii and mountain imies. ‘ 



107.—StoUate gttUories of 
- f. ehakoffraphun, L., with 
^ efg-recesses, irspruce-hark. 


Fig. lOR.— Stellal* gallerit# of T. rhalettfftvpkl^ 
on spruco Mipwuod, radiwtiiig from tho 
chambers (ff). ^ Knots. 


V < «is very fond of interrupted pole-woods about 40 years ol^ 
the ease of old trees it attacks only the branches and erotsi 
% 4 ing the deatruetion of the bast of the stem to 81 ® .' 
Species. Exceptionally it may be fouiid in S 
"^uee thickets which have lieen attacked b^ fungi 

Alb.etSshw.). .i. 

S'l'fae breeding-galleries' are of cbaisetemtic stellate for^ 
"^sisUng of 4 to 7 slightly curved arms, which, run trap 
ifrsely rather >han lohgittttoially, groove fte 












. *n>m 8<wn smaot tnese extend the larvaj gellenesi 

principally in the bast, marking the sapwwd less’ 

’ .■ 

#W protective rules are the same as for T. typiigivphix, 




4. Tomiciu tUmM/raplim, Dnft. 


ff. iMsrripl-m. 

■~^eetle flf to 8 mm. Jong. The ts species of TowfcrtiJ 
5^gate, cylindrical, shining, with long pulHjsoence, browio,* 
aith yellowisli-browii antennae and legs. Prothorax longe^- 
^Han broad," sparsely and moderately deeply punctured liehind ; 
-Jie middle, with' a wide, smooth median line. Elyti-a with- 
,^ong jmucturod striae, apical excavation deep, its elevated' 
jiargins famished with 6 teeth on each elytron, of which the 
S upper ones, arc small, and the 4th is the largest. 


h. Liff-likturi/, 

Scamn I'f jliyht: usually somewhat later than for T. ii/pn- 
yraphm. It is found in May and again in August ^uid 
September. 

It selects lor ovipo.sition largo Scots pines with thick hark, 
and generally fallen or frusiily-felied trees, windfalls and stacks 
of firewood: rarely standing trees. The development re.iemble 3 
'^at of T. tppoyraphM. 

-Lifhe larvae are found in June and July; the pupae in July 
August; the newly en)erged beetles in August and Sep-; 
.^her. The latter forthwith pair, and a new brood com:'; 

The insect lubemates under hark as an imago of* 
~ "®i!st or second brood. 

.,^3l«eXiition either annual or twice in the year. 


e, to-tte iPeruU 

preto oW trea 
ft has also'bW pb8en’^,.on black"ai| 
and very rarely on spruce. .In the ateence j^ 
,^*,yop38'^ has here and there attadsed poles 20 to SOyet^ 
is'on the Ust, attd resembles,that of .T.ty^ 



ip”^3ir”8om6time8.the numerous larval galleriM eoaisBos^ 
?rt wlifaJ case the broo 4 live together and completely imder '4 
Siine ^ bark. This beetle is more frequent in the plaine? 
Wian in the mountains, and may be considered rare. Ihj 
J^ritaiu it has been found about as often as T. t!f]Mxiraj>hm,Xt^ 
iChe protective measures are the Mme as for that insect. 



5. Tomkiifi lands, Fabr. 

II. /Msrrijitiim. 

Ikcth' 3'6 to 4 mm. lotig, of cylindrical shape, dark brown, 
shining, thinly haired, with antennae and logs fei'riiginous. 
Thorax scarcely longer than broad, its po.sterior baif si)ars«ly; 
punctured, with a less distinct median impunctate line. Elytn| 
with regular punctured striae, the interstices with single lO’^ 
of fine points, apical excavation almost circular, deep, iw 
elevated margin with from 8 to 6 short blunt teeth, and ^ 
accessory tooth oh the inner side of the 2nd and 8rd teeth. ;g 


h. JA/e-hitlory. 

and ^; a seoofid hjroo^ ftjiE! 

<fc^he ^gs aro liud in the hark of varipiis^ coiaf^s. 

by a forest fire, or felled trees, are selected In prefei'^^ 
'egg-laying.’.r , * 

Larvae appear in, June, and those of the second hrood| 
fepteiaher. Pupation takes place in Ihe baaiy* 






_ rood rtofiTiei Mtun^ in , 

5^u . ’'^‘® lalwnate under the 

generation »therefore double, and may be tlirfefoM? 
^ontbern France. The beetle re found almost throaghou 
““ ’® eommon in most places. In Britain it is 
' perhaps, the least'rare speciei 

.oi the genus, ii jf’ymctts 6i*B- 

tatus, Hhst., be excepted. 


r. l^elafwftn lo the F'oteHf,, '' 
The beetle does not by pre¬ 
ference attack the larch, but 
' is found on all conifers, par¬ 
ticularly on the Scots pine, 
and then on the spruce, rarely 
on larch or silver-fir. it attacks 
poles and mature trees, and 
exceptionally young growth, . 

ihe inotlior - galleries and 
larval ebamhers are in the bast.' 
fhe former arc generally ver¬ 
tical, slightly curved or bent at 
an angle at eitlier end, with 
2 to 4 air-holes (Fig. 10.5); the 
larvae eat together in regi.ilar 
family chambers, so that siiecial: 
larval - galleB«|Jo not exist ’ 
Am c . (^'ig-105. alp^fc 

t '!^ plants (Ire pine), neai 

Jkdloto. hut this statement* requires eonfiiTnatiAn 


-■Ijr., ia Sfotepimi bmk. 

MntliM pUfeiy will, 

IJirv»ef«)di% ib family diBiiibcr. 


ft. PrMeclMft ‘ 











ifi'MjmsL The^ should "be ^amin^ m'”Jnae, iiPI 
ibose feouteinihg larvae should be burned. ^ 

j. iiL All young plants which may be attached and, which maj^ 
i)e recognised by the reddening of the needles, should Ixi pullc^ 
up in June and burned. 


6. Tpukui (Pityogfnn) bidenUttiig, II('rl)st>. 

0. Iksmpimi. 

2 to 8 mm. long; pitchy-hlacli, soinewhat shiniug, 
inrith line hairs; antennae and Jegs ferruginous. Thorax con¬ 



stricted in front, and rather deeply punctate behind, with 
'smooth median elevated line. Elytra with rows of punctures^ 
Impressed towards the sides only, apical excavation somewhat 
deep in the S, with a single strotig hooked tooth on each 
^ide;4h'the ? the declivity is impressed on either side, of tha 
imd the teeth are reduced to inconspicuous tubercles.| 


‘ Jhe S' 


'k Uft-hiMOT^. 
eggs in May and ilune pine woodl 


^ung plants; poles, branches, and ohlShaie on fclli 
abas. The pouring chamber is often fnmHshed with shc^ 
prolongations which are breedi^ galleries commenced, 




'«W in4 ^ptember, 

i^i Pupakoa:^^ in July and August, in the hast or sapwood; th 
V second brood, which hibernate as larvat 

pupate in the following May. 

Flight-periud,: in August. Theseisoiii 
brood is mature by June of the followini 
year, and is followed by a third brood ii 
the autumn which winter in the beetl( 
stage. 

The generation thus extends ovei 
1J years. The beetle frequently appeari 
in compny with 3’. lariciH, Fabr., anc 
is widely distributed. It is common k 
conifer forests in Britain. 

e. RelatioM to the J-'orest. 

The oommon Scots pine is the chiel 
tree - attacked by this bark-beetle. It 
has, however, been also found in the 
Weym(^th, cluster and mountain pines, 
and E^artig has noticed it on the 
spruce. It prefers the plants of 6 to 
12-year-old cultivations, and only 
attacks the branOhes and twigs of older 
trees, where tSe bark is thin. As, how- 
ever, it attacks branches which are 
thoroughly sound, the crowns of trees 
— are considerably thinned out by thid 
beetle, esp^ially when other larM 
smd bngitjorn . beetles join' jy 
‘the.attack, V';'.' '3 

attacked. The' - M'r;|plarity,'steHj* 
W--':\iaother - gaUeoes, are ‘genendly; ^ ^ 
branrfies 'Of these gaibr^ 
'toriamtally,, and '..’have 1 
.ae^ olbftaibers Me-i'liikge'.'aiM 
















"Stel —‘-a-d 

from fire. Trees which have been severely attacked ma; ^ 
Sjdgnised by the yellowisk colour d their crowns. 

4. ProiecHve 

■' As for T. lariM, L-; tut trap-trees are uaeless. Instep 
of these, branches may be used as traps, which should W| 
bur^ as soon as they are stocked with larvae, and ieplaeed| 
by fresh ones every 4 to S weeks until ‘‘utumu- ^ 
Jen to be attacked by larvae should be immediately felled aili 
harked, ay'; the bark burned. 

7 . Tomicm acumwatiis, Oyll. 

Beetle ifto 4 mm. long; brown, with yellow-grc^ pubesoenc^| 
Elvtra regularly punctate-striate, the excavation circular^ 

tulhate rth..1 tb. ..lu.., it. ^ '“'7" 

8 tolh 0.. .iltat *>•. ‘b« tat s •“•'1 “ tH 

largest, and situate about the middle of the maigm. 

IJ/e-/rtslort/, etc, 

Thianpecies chiefly infests the crown of full-grown or o« 
Scots ^es. The mother-galleries consist of 8 to o bran^^ 
radiattog from a spacious pairing-chamber and 
Lpwood rather deeply when excavated in thin bark. Tl^ 
laml galleries are twisted, fce<iuently coming into contet ffl 
nven crying, but as a rule scarcely 
? The species, thou# not very common in Europe, 

'rare inSumd and tbe north of England. “ust be^ 
^toed as one o,f oar injurions species. .Its attac^»^ 
lew^toa the same Unas as those of other species of romtc^ 

8. JPomicas litteam, unv. 

’ a. Brnr^Hen. 

Seede 8 to 4 mm. long, short and eyh 
.^Bder 


leal , black, tts. 



a i «t »l..y. ““'T i,“'i toF»«i »' “'•'1 

lepSal club ilatlened oval, l)l«nt at apex, « 

feBrSBv , 

l. ." 

c .. fl;«bt is in Mwcb and April, and again w 
The eeaBon loi t«snt '» (^,; 

une and July. _ siiU sufficiently 5 

The ! pie{o''» gtems still in the ground,,,, 

.oist, aleo ivindlalla, trunks. A goofc 

breeding places, and the matenalnm^ 
neither too iresh nor loo <' 0 - 
beetle rai-ely bores into cleanly bark^, 

I stems, and is only rardy found in stand¬ 
ing healthy trees. The ? boie.s ver -. 

ca% into the tree for mi inch or mote, 

constructing one or more brocsl ga cries 
at tlie end of her tunnel, usually at 
■ • ri^ht-angles to the entrance burrow^ 

;stg. 115.-V. ^ always transversely to tbe ' 

% , ■ in tbe floor and roof of “ 6*6 ; 

“"if™ 

^ reception of tbe cf^ , . partitions between the; 

-%r.« " “ "1 

set to woAtoprodnee a.iteeh b^ 

thtoBBhout .EurbPl.wliJ 



-.V‘- n 

:jRg. IlS.-r. f'se*""’ 
t\ , OlW. 



wliS iftas' not' 

ijjuriOUB. 

r. Rihtiom l0 th» Foml. 


- the beetle attacks all conifers, but chiefly the silver-fir andl 
spruce, and only large trees. The round-hored gallery pen^ 
tttriaht angles to the axis of the tree. It consists o| 




118.—Trawvnw »«■ 

i tioB of a spnio«-stem (I’f- 
iteeii) nitli Snrrom of 
Ijt T. timutm, OUv. {m«ral 

Entrrace-gaBerte. 

. -i n-^efljag-gotlot'e*' 


Fig. m.-K8di«l IffliTO**;. 
r. Immtvt, OKt,, in — 
nood, aw®.) 

a Mother gullerioa. 
t iniTiJ gnlleries and pH] 
, chambers. 


sitranee passage and breeding.gallery,_ The latter iSeit^ 
iL^f a prolongation’of fte former, or w usuaUy Mm^a« 

;lf:'vw?(i>d' m:'tiie'8ame plane. B is 




and on tlie 

i iMomUa Candida) appear, which are also aeTOare)|| 


{Mnnilia Candida) appear, which are also deTOUretO 
as was fonnerly supposed, because they are the chfei ip^ 
'^e lame, but to clear the way for the larvae. 

. Later on, the walls of the galleries and the adjoining 

^me black owing to fungoid growth. \- 

; The lieetles damage the commercial value of the wood, tl^* 
meat stems being frequently bOred like a sieye, and renderd|!j 
iseless for most purjioses. The insect is most frequently^ 
"ound in forests where much wood is broken by wind or snoW,| 
‘-nd whore there are winter-fellings. 


li. Pratedm Rulen, , 

i. Immediate removal of all sickly coniferous trees ani 
of broken wood and stumps from the forest. The lattet' 
Aould at least ho barked, if their timely removal is inst! 
dvisable. ■ .. 

7' ii. Felling in the growing season, and immediate removal; 
qj the bark. .jl, 

,t It may happen, when the’ beetle is in great numbers, that 
-,*rked trees may be attacked. If winter-felling cannot be 
avoided, and barking Hfejimpossible, the wood should be 
removed before March. 

Menuiiial Mmsitm. 

in. Tree-traps may be felled in July and August to attradi 
ibe lieetles about to lay. These trees must be barked and spill 
-jeii to destroy the larvae, apd fresh tr«i4r8p8: provi^ 
'■^^touelly till October. , 

■^ ■^rewood may be used as tra^ but tnusjfc.be 
fomat befcee the beetles come out. 


^•fTopiicw L. 





e/Stttare.-., 

&pr^i^«lpeei®, but produced into,»taunt an 
Jjfiiner ®P®^ ' -if 

X ‘ M Life-history, elr. . . ,-.I 

Similar to that of T. Uneatus; hut less important on accouiS 
at its breeding chiefly in stumps and windfalls. It attache nt^ 
(Kmifers hut broadleaved trees, 


chiefly beech, oak and birch, 

The mother-galleries do not 

.-not uMommon in latge wool- 

.the forest should he cleared , ■ , -ji 

material containing the pu.-H,,, y. 

“ihsects; spring felling - is " urw, L., intewii-wiwd. 
■desirable. . *'•:<■•) V| 

^ r. qu 0 r(ms, Eichh., is still ■?» , ■ 

'^imore like T, lineHm, Oliv., in appearance, hut isdistingu^ 
•?by- having the . antennal clubJangulate at the apex, tm 
denmtietM. In habits it resembles the latter speciesi^ 
iiis’much less common in Britain, being almost entirely conffl^ 
?4o t^ pei^hbouthood of Sherwood horwt. 


Pij>. 1,18.—Riuliiil galli-riiii tif 2'. 
lii-m, n., inteccli-wwd. 
(Katiiral tiite.) 


10 , TomkiU dtspar, Fabr. 

■ u. Tktrriftm. 

‘:'^eetlc'$4 8 Him. long. Hteh*black, the antenpi 

ad' l^a m»^UMed. J short, cop^, ; ovoid and vp 
ri^ the 'thorax granular .in fr^1^)^tui«d,Mwai^ 
r moAian liwA. The t,3*vlmdncal. HU 


. dr. deep.panWaws,: ..and ra^ 


k Ltfi-Mtlorpi , , 

« in 3toy. The S boifes into nem^j. 

0 l koftdleaved trees to lay her eggs, in preferene| 
>w a hraneh, but never near the ground, attacking fell^j 
;pd and young Standing trees. • . , I 

:The larvae appear in June, pupate in July in the secondary 
"Heries, and the beetles emerge in August. Tliey hibeniate, 
i Uie galleries, and there is only one generation. This beetle 
3 t everywhere common on the Continent, and till recently was 
igarded as one of the rarest British insects. But since 1891 
: has been destructive in certain Gloucestershire fruit-orchards. 




c/ 9 


'■I, ■ ■ "(i 

Kigf*. 119 nttfl 120, -2’, Fulir. 


c. lUlafms io Om fomt 

f^ak and fruit-trees, especially apple and pear, are chiefly 
■%cked ; .al8Q beech, .hornbeam, bireh, maple, asdi. fWer, 
’^s^j^est^Wand plane. ;• , ■ ’ ' 

~i»;i. ifore8 a vertical enlranoe-pllery into the tree, like 
which enter the wood deeply,, froip,-which ah^ 
or more transverse secondary galteriee along 

ar6Cicm>i 


iSw of the annual rings; from t|p ^ 
tertiary.d^^d-gidlerieB which:'''rntt' longilrodiiwsl^ 
.the^oodrg^leries 
li^Ja ^jupt 

-*-■5.^1 ■' -... 









bore-dust heaped ' 

'% at lit loot o{ fee plant. 

The fa^tle is very destructive in orchards, 
and sometimes to young oak-saplings. 

ti. ProMhv Iluhs, 

Unbarked orchard-props should not be ■ 
iused, as it frequently happens that the 
jbeetle finds its way from such props into 
'the fruit-trees. 

<•. fh'iimlml Jlmm-im. 

i. The entrance-holes to the burrows 
should be smeared with tar. 

ii. All plants which have been attacked 
,, should be removed and burned. 

'^■iii. The beetles may be .killed inside the 
' galleries with wire, and the bores blocked up 
j»by wooden pegs. This method of treatment 
{is generally impracticable, but has been 
;) adopted with success in orchards. 


Fig. 

of T. (tiijMr, F«l^ 
in an 

(iVn/wnf ria.)' 
n Bnanneo * 
oauall}- vnfe !p 
tw%. . -'S 


B. SuBBMllW Hylesinini. 

, JJetcriptioii of tiithfamily. 

^ l^y^minent and not concealed by the 
jjpft»|hmfax, with a short and broad rostrum; 

.^^tfflinae with a funiculus of 6 to 7 joints; 

“'ibolrax narrowed in front, uniformly punc- 
;^wt^ 0a the first tarsal joint much 

i^i4er;il|iah!;pe :dtW three together, the _ 

biiobed or heart-shaped (except btS 

pitbekm, Er.); 

':.^e^wity convejcj.and widiout teeth; under- 
■ "^face,, of not abruptly faed upwards. 

lp«^;;,br^‘^ in-,^§ b$|t,ii»d 'especidly freqo^ 


t! ComniKicemei^ 
liicral gttlleric«r/iAj 








,’i; Hylaiite$ paMiaim, Gyfl 

,, a, r/SitipIm. „ „ 

',fieetle 8 to 4 Mm. long, of stout build; tboras afld el^P| 
ddish-brown and covered with fine gi'ey hairsj the fom^ 
oadcr than long, strongly constricted in front, densely 
^rsely punctured with a narrow .median ridge. Itlytra with;: 
ther fine punctured striae, the interstices rugose, tuberculate,*., 
ud with a series of short hairs. ' 


k IJfe-hktmj. 

'The flight-season is at the end of March and April, 
.{’.oiiifurous wood in logs, or stacks of fuel, chiefly-when 
damp and lying in shady places, are 
selected to receive the eggs. 

The newly disclosed beetles appear 
from April or May until July; they at 
once jiair and produce a new brood, and 
in July now breeding galleries are fou^ 
amongst the larvae and pupae of the 
old brood. 

Tlie second brood of beetles appears 
from the beginning of October, and 
hilieruates in cracks of the bark; 
moss, etc. There are two generatrons 
and the species is common, and widelj 
Tistributod both in Britain and on the Continent., 



"h 

„ig. VJl.—ttjrlfffet 
f.f'Ova. 




. PMimk Om Fmfi, «(f. 


beetle attacks all conifers,■ but chiefly spruce, aiji 
Scots pine, silver-fir and larch ,excepti<mally f on}^ 
t^ilta-aged and old wood; they also,bp* as 

the'hark and bast. ' f^ '''' <*^1^ 

forked. The ’’eecohd^;''galleries 
irregular, often, 

8ap-vi%odi'._,,"'''i ■ .' 









clbselj aticl deeply panclnrsa, ’Wtaa 
aiedian ridge. Elytra deeply punotate-Btriate, wii| 
.^tinkled and somewhat tuberealate interstioes. ' J 

h. IJfr-hmhry. 

' j :iiiw speoien aiiu H. ojHKiw, Er., have a similar biplogioa 
^to^, which is as followsThey fly in March, April am 
^^ay.^^Eggs are laid in stumps and roots of the Scots pine 
prefetenoe in those of trees-felled in the previous year; ■ btt 
the case of 11. aier, eggs are sometimes laid iii young pirn 
franspknts. , • 

The larvae appear in April, and the mother and larva 
lalleries then form a confused pattern. 

‘'"The newly hatched beetles may first b.e seen in June, anc 
'hceordiiig to Kichhoff they may produce a fresh brood, whiol 
comes out in October or November. The images hibernate ii 
stumps or in plants which they have injured. 

The generation is annual or double, or it may be biennia 
Recording to various observers; it recpiires further elucidation 


c. W'Mim b t/ii’ Fon st. 


XiuB Deeiie is only hurtful in the imago stage ; before th( 
■iiddie of June they begin to wander from their breeding 
daces to the neighbouring plantations and eat the bark n 
•- to 0-year-old Scots and Austrian pine, and of other speciei 
;! pine, especially at the collum and on the roots. • Th( 
.oodles of the plants which have been attacked turn yellow 
hd fall oft'; the plants die, or become so loose in the soil thff 
'-•ey can be easily pulled up. H. ater is common in Britain! 

ite ally 11. opacitit, Er., is nearly as frequent. The lattei 
'idea is also recorcted from elm and ash, 


and ihorougb removal dl 
.i^.'jDark, or -tMitiy' smearing ■af'-dk^^idraift 



‘“5'“^ «6- •‘gaia*! 

yhhim abidit, Pabr., page 2‘25. i.nvnma 

^ Digging up aU attocke4 plants with a spade, and bavmnfi, 

lem in kilns with the roots inwards. 

3. Mydophitm piniperdn, L. 

■'* a. jlestripimi. 

BeetU 4 to S mm. long; head and thorax black. uljira 
lackUh or dark brown; antennae and tarsi i uat) la . 




I'll;. n\~Myrkpkitm iMtriiia, 1.. . 

,1 Inugo. k ^ai-vn- f 

^clongerthanite width at the base 

.Xnfo? with scattered deep punctures, obsolete towards th 

Elytra with fine punctured striae; the intersli« 
:Srwhat ^anulate, each with a row of trisUe-tean 
-Cberclea, aSent on the apical portion of the secopd mterslr 
^eoitotog from the suture), which is slightly impressed. 

b lAfi-h^'J- 

end of Mar^AprH, and Mro ip 
■■■■filar favbnral^ itdroamstances, agam rn June . ■ 

^ Til?i 




pftfiKWewfeffiftg 58 6opiilaw:P!tWipWfil 

the trees. The S prefers dying or felled ttfflWwij® 
liagh hark, windfalls, stumps and broken trees. On standfai® 
'"•sees the lower eoarse-barked portion of the stem is selected,: 
":e the brood-galleries are entirely limited to the bark. If ho 
^|d wood is to be found, the beetle attacks yonng poles. 

...:-'Thc larvae batch in April or May, in about 12 to 20 daytf 
after the eggs have been laid; they pupate in June or the. 
beginning of July. ' ‘ 'i 

,b’ The beetles appear at the end of June end in July. Some 
later Olios may emerge in August. The beetles which develop 
early, in June in mild localities, produce a second brood, which 
is ready by the end of August, and attacks the terminal shoots 
of the tree and branches; tliose which come out later do not 
pair but at once commence their destructive work in the 
irowiis of llio trees. Thus the whole development of the 
beetle may last from tiO days under very favoui-able circum- 
',tancc8^ to HO days. In order to hibernate, the beetle bores 
"hto the rootstock or roots of standing trees, sometimes into 
;tumps, often into tbe thick bark at the lower part of the 
ronk. 

■ Thepcmwn'oii is either single or double. The insect is very 
•umcrou's, and widely distributed; it is common in almost 
;yery pinewood'tbrougbout llritain. 


♦ 

(. AWafions lo th Fm-esl. 


The beetle generally attacks the Bootr pine, but also th^ 
'Jeymouth and cluster pines and other species of pines. B 
■as also been frequently observed on the spruce; rarely on 
''■fch. • 


attocU-old and young trees, bat prefers the leoBerj mS 
_;^^,'ra,teiy-found ia woc^s less than ^teuyhar8;cJd,'■'■■'V<^ 
and'forly' years' 

doea'ihree-ltmdKiof. ■' 


the beetles i^d larvae attack the bark shd 
ihaitesIongitodiaBl galleries, with one'toi^reeiiHi 




-3ono oi damage 
done to the 
^young ehoots. 

^Che newly iSis- 
^osed . beetles 

■■ •■: v\’.. 


§^temberi bore ■ '» bti«KWri»tie angle 1*^1^ <««“ ’ 

&t6 the .pi&, bt ,'''j,^^'j^^.f,^ti.’wfisMn*t 

.IfSnnS-': 






JP1, 


Fij'. 127.-“l*inc-lmili with thiim- 
WiK («), ])it[.ue (^) a»tl inui'fdH (r.) 

M. piniptrthiy 1 ;. 

[XaiumJ 


% in;'from their ' extremities) ^lioh'sS 
esjwially those of sickly or o^ 
trees, in preference on huijH^ 
borders of woods; they eat on^ 
a burrow about an inch long| 
working upwards to the buds*' 
The entrance - boles into lhe|| 
sbools are surrounded by a; 
whitish ring of resin. The Ircetls' 
bjaves the hollowed-out shoot, 
either Ity the original bore-hole' 
or by a fresh hole made at the' 
end of the burrow, and recom-; 
mences bis destructive work in, 
another shoot. In these galleries 
excrement is never found, and 
tlius the action of M.])inip<'rdn,li., 
may be distin^nshed from that 
of Tortrij- hiivli<ni(t, ScbifT,, the' 
caterpillar of which also bores out' 
Scots pine shoots, but always, 
leaves c.\crement in the liorings..' 
Weak side-shoots which have beem 
bored break off generally at the 
liore-hole, and fall to the ground. 
Stronger shoots from the crown!: 
develop the suppressed buds be*'- 
tween the pairs of needles, whi^tj 
with favourable spring - weatbKff’: 
grow into short needles. Mid give,' 
the shoots a bushy f^pearance^; 
The height, growth and develops^ 
{ffown ^.'are 


h^aced.^eatiyimpairothesaoces.^^ 




'" -lomtsMiBea _ mM 
titles are £ouM in the same twig, and some teetles liiW-^g 
Vie in them, but this is probably a rare occurrence. Owing || 
0 the loss of these bored twigs, the crowns of trees, if,,| 
epeatedly attacked by the pine-beetle, acquire a charactonstio.| 
..ppearance which may be recognised from a.distance, They .j| 



kig. 12B.—■ffcymoBlh pina injured '>)’ ‘tf Kne-liectk m thu 
cemetfry at WiesocV (noat Giessen). 


(ttire the form of the cypress instead of possewing the 
lal 4ca^slikf *apes and here and there a few side-hranch^ 
-may-project <ju^d|'fcoift, 

& '' ■; ,^.if„' .enriohis , aspect, 

li ih^' "ife’'-appellation' of HofhifohM 

(Joss ofmcrement, diromtttMm o| 


mi' asBimilating organs, mdireot daraag®.W 
reduction of the cover, and consequent exposure of the sw 
As the cover of Scots pine woods is apt to open out ey« 
•under favqurnWe conditions, this form of injury is very senou^l 
Exceptionally, the beetles in summer eat out irregnl^ 
longitudinal galleries in the first 5 to 6 years’ gwwth of shoot| 
on vigorous 12- to 15-yenr-old Scots pines, hut without layinf] 
any eggs. Altiim* states that these galleries, which run parM 
in the bast, partly in the sapwood, are only used to 
the beetles. 

, Lastly the beetle does damage by boring down for 2 or moi^ 
inches to the sapwood of the rootstock of sound standing tree^l 
in order to hibernate. If this should happen on a large scale* 
the trees might die, or at any rate would become sickly 

attractmoroheellos.in the ensuing spring. . • S 

The pine-heotlc prolers forests in flat or iiudulating counlr^^ 
>;i 80 lated trees, trees along the borders of woods, and those 
»t,#hich have sullered from fire; it is also common near timbeT'' 
■/depots. Like all bark-beetles, it prefers windfalls or tre^ 
^partly uprooted by the wind, and sickly trees, but does hot 

* hxolusively attack such trees. 4 

5^ - In a pine forest on the peninsula of Darss on the Pomeraniar 
■ ^coast, which had been flooded with salt water on the 12th an^ 

# i8th Ifeemlier, 1872, and the trees thus rendered sickly, tljj 
i'beetle ^pealed in such enormous numbers as to coffiplet6l| 
•/destroy 2,500 acres of the forest. * 

In the'spring of 1892, about 100 acres of pine wood, 
burned near Caesar’s Camp, in Windsor Forest. The next M 
‘ISiere was a serious attack of pine-beetles, the trees thaf ^ 
singed by the fire having multitudes of larvae bet?e^ 
i^ir liark and wood. 'Tliese trees had to bu fell^, 
hj# surrounding forest trees were prurmd in the luffl 
iia^htly n^nneir)>y,tbe beell^ 

'frequent thihmu^'jW: 



q-t!i (^^S lSTfeUmg-alea8,' at the latest by tbe ini(Jdie| 
remOTfil from the wood of all valuable timber with| 

Wck bark before the beetles emerge. j 

iii Uprooting of stumps and broken trees. If for ai^-leasou^. 

bis is notpracticable, they must at any rate be barked: | 

v4v. Pihe woods injured by lire must be felled. _ ^ 

V. All insect-eating mammals and birds must be protected| 
’.specially those referred to under T. tupogra^hm, L. (page 


Remdial Mmswfs. 

? i Trap-trees should be felled from February till Sep(emWr| 
so as to keep up a sui-ply of trees which are not too dry for the, 

beetles to breed in. Thiek-barked ‘‘’f ’'l.t 2 

snow, caterpillars or fire should be selected; aoiuo of them 
.should be barked in the middle of May and others at intorvala 

of 4 to Gweeks.and the bark biinud iHju/s. . . 

ii. All standing trees containing larvae or pupae should be 
felled and barked and the bark burned. 


-1. Miii'hiihiliis minor, Hart. 

(I. Dcneriiilion. 

Beetle 3-8 to 4 mm. long; closely resembling the preceding 
• species in appearance, but with the bristle- 
^ibearing tubercles emtinued on the second 
:^teff8liee of the e*tra up to its apex, 
tho other interstices. 

-•W> 'Ha. '■ 



b. Lifr‘hi»iory. 

‘A, SetmnfarMk Apql and May*, abput 
'('JOthe'preceding., 

selected 

-iyaing, but ae; a rale the thi<*ly barked' fig. j:*e.-.4f. mint 

iower part of tiie stems is avoid^ Md the , Hsrt. 

iiiDer nortion whw® the. hftrh ht runner , ' 

faood t&fes for its developm® 








oanses is gre»«.i .u»^ 

f WsLL. as the eiroulation of the sap is mote endanger6C| 
horizontal galleries. It is not therefore 
that quite sound trees are lulled by it. or at any rate become ^ 

gaUeries are short, not very nimewus. 

:ierminate in a deeply-cut pupal chamber. 
the preceding species, is said not to coniine itself to the border , 
of a pine-wood, but to be teund deeper in its interior. , 

, M minor also bores into the pith of young pme shoots «1, 
the same way as M. pinipenla. 

(I. PiiiMh'f Huln. 

As tor .U. phtipmUt, but.the trap-trees nmsl Inive thin,' 
sniooili bark. , 


fraxi„\, Fabr. (.!«/< li‘irl;-ha tU). 

a. Drsrnpimi. 

jSirtIc'Ho $ nini. long, short and thickset; pile)ij-browu 
'. or nddisli, variegaled wKli short, close- 
* lying, ashy and fuscous scales, forming a 
' series of irregular transverse bands on 
;,;the elytra. Prolhorux transverse, finely 
^ granulate; elytra with fine but distinct 
;' piinOInred striae; legs piceous with the 

7 tarsi reddish, antennae ferruginous. 

r'i,‘. 

b. Life-bMonj. 

nioht period at the end of April and 
«ginningof May. ^ Fig. 

The eggs are laid on the branches and Fabt. 

items of healthy ash trees, as well as on ^ - 
lead and felled trees. The larvae hatch in May, “ 

in July to the perfect insects, which pass the wmter mu egu 

^£fe;:;^»%^ilyringle.hut^ 

Elsass, the'second flight from , 

gMerally distributed throughout |ie Br» 




^ , e. JUMums to Ote Feyetl. 

S 'fhe lieetle bores into the bast of ash-poles and 
constructing extremely regular, double-armed, horixontaS 
galleries, with a short entrance-burrow (Fig. 133, «)• l'he,| 
larval galleries are short but close together, cutting deeplj^;j 
into the wood, and are always very regular (Fig. 133, b). The? 
pupal chambers are in the wood (Fig. 188, c). The beetles eat :■ 
their way out in August, making numerous perforations, so'; 
that the bark is riddled, as if by sbiot. Once a tree has b6en| 



Fig. 13:1.—Dutrows offl./r<wi«i, I'abr., onasli saiwood. (Xiilurat tix.) 
a Motlier-galleribe. S Larval gallerit*. r Pupal aliambws. 


';flittuckod, numerous galleries are excavated in it. one over 
'Sm other. .-j 

The beetle prefers quite sound trees, accor4ing to Hess, anil 
'%illB them, bnt Miss Ormerod says that the damage is chiefljiJ 
to decayed or sickly trees. This insect also attacks large' 
^^-trees standing in the open, boring down to the bast in orde® 
hibernate there, and such winter-qnarfers are generally: 
|i3(»ipied again in the succeeding avtumn by more numeroi^ 
BO that rough, scabrous, %osette-like prominences 
I'fonned on the harfc It has oeca^aally bi^' 
"^Sarveci tp attack the Tohinia a»A apple-trees, bat itsgalleriel 
then vertioal rather than^orizonial. It may be laid dov^ 



ifrliicu are aormaiiy uwwvuw^;^ 


thfCSw forests of Temeser Banat. 
tho ash woods have since 1888 been senously attacked by. 
this beetle. By the somraer of 1890,17 per cent, of the treeSj; 
S a total staning crop of 3.570,000 cubic feet were killed, 

fi. Ei'onifiHit' Hides. 

i SeleeUonof suitableipcalities for planting ash-trocs, and!; 
tention to such rules otmanagement as will keep the treei^ 

\i. All infested trees should be barked in June and .luly, au4 
leir bark and braiicbes burned. 

iii. Trees attacked may be tarred. f 


(i. lliilmnux ritlaliiii, Fabr. i 

Jirdlc similar to H. fraxini, Fabr., but only 11 to 3 mm- 
ong • with a while stripe on each elytron extending from the 
boulder to the middle of the suture and enclosing a common 
ival dark patch ; it makes double-armed horizontal galloriei 

n the elm. 

7 . Hyleniniis cmtaliin, Fabr. 

a. DfHrrijitmi. 

Beetle 6 to 6 mm. long; ovate, 
blackish - brown or black, its under 

surface hairy. • h 

Thorax tapering in front, distinctly 
broader than long, thickly and coai’sely 
punctured; elytra broadest at the 
middle, obliquely and not strongly 
declivous behin^; with coarse punc- 



Hiured striae, t^lnterstices granulate 


'llUlOU Olftiwwj - ^ 

famished with short blsrck hairs; 

Ikl^men curved apwards towards the 

fUtnilar to that of if. /riwi«i: but 
,6 generation flight-penod is 


\ '■ 

Kgl 134.— 
mxatvt, F«tr. 



ol April, and again in Octoibei*. pa&n^ 

^^68 place late in the spring (May and June) the generation. 

I only single. 

r, Rtlatitm to the Forml. 

■ ’JUiis beetle attacks the ash almost exclusively, and preiers 
(ifge trees with ftssured bark. The female makes short, 

:Y slightly bent, generally two-armed 

galleries. The two arms are gene¬ 
rally of hleqiml length and inclined^ 
at an acute angle; sometimes only 
one is present. The larval burrows 
run at first upwards or downwards, 
that is, at right angles to the' 
mother-galleries, gradually curving 
and becoming horizontal; they are 
of great length, and are often 
abruptly bent on themselves once or 
twice in their course. Fig. 135 
sliowB the appear'ance of a gallery, 
in which boring beetles as well as 
larvte may be distinguished; the 
latter so closely packed that their,, 
galleries have coalesced. It is, 

. however, hardly typical of the 

L 135 - Bari. a£ S. * do not lay, they' 

im. iniwti iiatk. bore simple tunnels,frequently just 

Satraare-iMiW. uuder the outermost bark, which. 

iuttor-gaiutm. generally splits and flakes off 

iMtta wavatiiiK giiUmw*. f . . . i 

teiagtov,.,-. over the point of attack. Excep- 

■, tionally the beetle has been found 

Peking old oak-trees in tlie Kussian Chersonese; the 
.llsries in this case may l>6 three-armed. • 
ihe attacks of this' insert may be treateid to for H./raaiBi.,; 


0 SuBFAMlUr ScOliVMNI. 

Dwci'iption S^/andly. 
.^Wa^y edniains a smgle genus, 
^i«h .oosstoa a .nroiertiM.Atod' 




wstjota. Aatennai ftmiciiliis T-jointed. First tarsal joinij 
touch shorter thau the succeeding joints together, the third, 
bilobed. Eijtra scarcely declivous Iwhind. Under surface 
of abdomen flejmd upwards from the base of the second 
segment. r 

They breed exclusively between the wood and bark of broadii 
leaved trees, and sojnetiniea make very regular galleries, wbic|| 
generally cut deeply into the eapwood. Pupal cbamters in! 
the outer layers of the sapwood. 


1. finohifiis Ori}ffro;ii, Goexe {Kim Jitirl.-lu'etif). 

a. /ifmplmn. 

This lieetlr is 4 to 5 tmn. long, black, with llin elytra brown 
antennae and legs reddish brown. Front of head and rostruTO 
without any earina. Thorns broader than long, |>nnctured^ 
the punctures becoming weaker tow’ards the, middle of its, 
upper surface. Suture of the elytra depressed {roin the base; 
to its middle; their interstices broad, with two or three rowd; 
of punctures. Third and fourijl! abdominal segments in bottt; 
sexes with a small tubercle. ; 

b. Life-/mlon/. 

Flif/ht at the end of May and .June, arid sometimes again ij| 
August. 

The eggs are laid in the bark of elms, 
by preference in sickly trees. 

The lame appear in July and the 
beetles fly in August, and at once pro¬ 
ceed to pair. The larvae of the second 
brood hiiwmate in their borings, and 
pupate in iha following spring, gene* 
irally^ the bark! or less frequently in 
sapwood. 

!Tbe beetles of this brood come oat 

the end of May. The holes of exit 
•#lx6 about the, size of So. S shot , , 

The «enerafaon is usuallv doiible on the Continent, at 




f' 


1%. ISO.— 



is cororaou sontli of ,S&DlfS,' 4 
■^heration is more osnal, tlie larvae which hatch in May M J 
nne becoming fnll-fod at the end of July and remaining iafA 
ie tree throughout the winter, 

\'t- - f. Ikhilions to the Foreef. 

, Tlie beetle attaclis old and young elm-trees, and sometimes t 
Iso the ash. 

.The mother-gallery is broad, short, ascending and vertical, *: 
bout 2*5 mm. broad, and with 1 to 2 air holes. The second- ■ 
galleries ramify from it at right angles in a fairly regular 
nanner, lie close together, are long, sometimes extending for j 
itore than 4 in., gracefully cumd, and somewhat broader at ' 
heir ends than the primary gallery. The pupal chamberg,;; 
shen the bark is thin are excavated partly in the sapwood. 

This beetle especially attacks elnis in the neighbourhood of 
arge towns; tlms in 1812, olms in Regent's Park were infested, 
-td in 1870, many elm-trees that had been weakened by a 
•^Ing of the groundwater level were killed in Berlin. 

d. Proteetive Jtidee. 

As a preventive measure, elms in avenues, parks, etc., may 
-j 9 smeared with Leinweber’s* composition. ' 

All stems attacked'by the beetle shonld he felled, beginning; 
in July, and the bark burned. Trees that have been felled 
^wy he used as Iraps, and treated accordingly. 


2. Seohitui intricatne, Rate. 

' a. [hvriptiox- ? 

~^eWc, 3—4 mm. long; black, with the elytra, antennae and 
_ pitchy-red, or brown; the former with close rows of 
"■ift^res, the interstices narrow, closely wrinkled, the sntuta 
round tbe;scuteUum; abdomeniniarpedi ^ , 
i pidHal oftot wstw, s» tspt'act teiM feoai*ji 
tbea ^ItwcteA Wt of tl» bJbucco 'Mjd ajlked with i 
1 part of <4 cow-dong. Ihfe islcff 


“S men hdi (md »tirMa larefr » (toy, sad'ttwiil *ft«f (eraotetoUesj' (ws eft m 
‘w'trtwrwft' <«, tte' t«?e, snatie'tettct wiw 
to .toed fwvW 



#. lAfe-aifiitry, tv. 

Tit lays its eggs on oalss, tnt otherwise resembles the elm » 
beetle in its mode oi life. It has, however, only one generation | 
In the year. 

It attacks several species of oak and more rarely the beech,) 
imd it prefers yoang steins and branches 
io older parts of trees. 

The beetle bores a simple gallery; the 
larval galleries, 30 to 40, run partly up¬ 
wards and partly downwards, and are long 
';and narrow. The pupal chambers groove 
"the eapwood superficially. The beetles 
/attack perfectly healthy oak saplings and 
kill them. 

In the Bois de Vincennes, several years 
■: ago, about 50,000 30-ycar-okl oaks were 
. -killed by this beetle, which breeds freely 
' in oak-posts which have not been barked, 
f.'and are used for fences, 
j - Care in the management of plantations of saplings, anc 
' avoidance of unbarked wood in palings, are the chief protectivi 
5 ,/^ea8ure8 available. 

' Two other species of Siedytm, S. pruni, Ilatz., and S, ntgu 
Eatz., the latter a very small .species, are especialll 
■^'attached to fruit-trees, plum and apple. Both are looallj 
Ifcommon in England, and sometimes injnrions, but they 
]!f Pot important to the forester. 



Fig. VM 

Kutz. 


f APiLv VIII.— Cebambvciiwe (Losoicokn BeetlesI^ 
Dacriptiuii of Family^ 

Longicom beetles are elongate, and generally of large h 
duoderate size, with a cylindrical thorax, often spined at th 
sides i elytra somewhat depressed, wider at the shoulders 
die thorax, and tapering behind. 

Antennae filUorm or setaceous, rardy serrate, and alwiiy 
Siecoffiing thinner at the ends, AsuaHy very long, with 11 o 


^ore joiifts, the soiond joint always the shortest. , ■ 

" Legs slender and long. Tarsi four-jointed, the three 

bi iJw bilobed. 



se^entB. Generation 

?iia^ae soft, white or yellow, usually cylindrical, rarely soml' 
vhat flattened, with projecting broad thoracic segmente, ol 
hich the first at least is furnished above with a horny plate,; 
/heir leet consist of six minute tubercles, or are entirely' 

V Pupae fusiform, and recognisable by the long horns bent 
down in a curve from the head. 

. Flight-holes transversely oval. 

1 The larvae generally live under bark and in wood, but 
usually only in broken trees or in stumps ; a few species are 
found in beams of bouses. Their attack is of a secondary 
nature, as they bore into trees killed by bark-beetles andothei 
bsecls, but on account of the large size of their galleries, anc 
the quantity of boring dust which exudes, it easily attracts 

iattention. , , < 

? ■ On sunny days the beetles may be found on flowers, shrubs, 
%ai felled trees; the females do not make mother-galleries. 

■ Longicorn beetles are rare as a rule in the British Isles, and 
/fflost of the species found ai'e small and of little or no economic 
litnporlance. In tropical countries they play an important part, 
ilia the destruction of fallen and decaying limber. 


„ Saperda forchariaK, L. {The Large Paidar Lnngieorn.) 

a. Umription. 
Beetle 23 to 30 mm. 
long, grey or brownish 
yellow, dotted with 
many shining black 
points. Thorax short 
and cylindrical. Elytra 
with the shouldert 
prominent, narrowee 
poateriorly and bluntlj 
spined at the apex 
Larva extending,up t( 
36 mm. m length, with 
out legs, cylindricaj 



eartinrim, U 


jidwi/the Iftlter oil iie dorsal surface of segments 
md the ventral surface of segments 2—10. 

b. Li/f-JiMwy. 

Seamii for flight: June and July. 

The eggs are laid in June in crevices in the hark of poplan 
especially near the ground. 

The larvae emerge in July and 
August, and live and hibernate in the 
wood, pupating in May of the 3rd year. 

The pupae lie head downwards in 
a chamber blocked with a plug of 
wood-dust. 

The ima'gos emerge in June of the 
third year. 

Generation biennial. The imsect is 
rather common in a few parts of 
Great Britain, chiefly in the Eastern 
Gounties. 

X' 

r. Mtlnliom lo Um Fomf. 

The larvae bore into young, healthy 
poplars, and also into willow's; aspen 
and black poplar up to 20 years old 
are specially attacked. Seedling-trees •’’'S; '?*■' 'f”?' 

. fir6 B> rulfl to bo 0.tt9iCk6O titeiK of a yotmjj pop}# 

^from their 5th year, and suckers from {X«tvni me.) 

' the 8rd year. «p%ofimrinjiiu«t. 

1^10 larvae make vertical galleries, 

'which reach the centre of the tree: these become gradnall; 
i'hlled writh wood-dust, which is forced out of the tree by th 
Igrubs, through a bore-hole, and licoomes heaped up at th 
Ihase of the plants. The stem is attacked near the ground 
pahd reacts by developing a large irregular swelling, the liarit- 
M Whkh is fissured. Such perforated saplings are ea.silii 
i^roken by the wind. Jhis in^t is chiefly of importam^ 
&mre pwlars w S^vra, .» large scale, as in Frapicfe 





/The beetle in June and July eat roundish holes in poplM;| 
iwes, but this injury is unimportant. ,, 

rf. PfoMire Rides. ■ 

■: i. Poplar-nurseries should not be established near older ; 

vf Poplar-sapliiiffs liable to attack may be smeared in Jime 
gp to r, feet in beisht from the Rround, with a nuxtiire of cla,y 
and cow-dung, or Leinwober’s composition (page 278). ims, 
keatmont is to be recommended for imrseries. 

c. Jlemedinl Maisures. 

■ i. Collection of the beetles by shaking the saplmgs in June 

rl'^Mling and removal of all attacked saplings before the 
;beetles emerge. 

2. Sapenh popidnea, L. (SmaU Foplwr Lonpicovii). 
a* 

8—13 mm. long, greenish-grey to dark brown,. 
,,rored with yellow-,grey pubescence; thorax with 3 lines of 
Pubescence; olytra with the median line, and a broad lateral 
■%ipe, and three or four spots on each side pu^^nt,, 
'ktetaae blackish, and each segment up to two-thirds of; 
- ie length of the antennae with grey pubescence. I-arro,- 
^|r-16 mni. long, yellowish and resembling that of the' 
■-lilting species. 

b. Life^hisioi'y. 

-/(IhB female deposits her eggs in May asd June m cracks 
J^baik young aspens, less commofily on o&er species 

sometimes wi willows. ; ®® yearstold 

suckers are preferred,.,; : 
iCenm^n bimmialV: .fhu 1 ««b ^tohes m 



r^m by » gall-use Bweiiuig, wbieu however : 
OB rriBows, 

tbe SeisoBd sotoer the larva changes its course, I 
^Warde along the middle of the stem 
^r about an inch. The fiight-Bole is 
iidrcnlar and'situated on the swollen 
portion. Pupation in April ol the 
third year. 

This insect is usually found in open 
Sunny places, and is not uncommon 
hi the Midlands and south of England. 

It seldom kills the trees, but cripples 
the branches and prevents growth. 

Where it is abundant, hardly a branch 
can be found free from its galls. 


r. Jli-medkl Jfmum. 

Collection of the fetles in June by V 

•' of K /wj/tthra, f.., in an 
shaking; cutting and burning the nsimtwis. 
attacked branches during the winter. iMcinaiiiVwnifhf-midiKiit 
The Musk-lmetle, Ceramb.,. inos- 
ehntus, L., is a handsome dark or 
hluisb-green longicorn with bright 
metallic lustre, it exhales a strong odour of musk. Its larvael 
live in rotting willow-stems, and also in old osier stools, wher^l 
it may do some damage. ■ 


Pamim IX.— Chbysomf,ltd.w (Leaf-Beetlrs). 
lietmption of Family, 

I Jjeaf-heedet are small or of moderate size, convex and short,? 
|l ah oval mr hemispherical sliape. 

..Antennae filiform, head-like, or slightly thickened at th^ 
fflds, ll-jOiBied. Lege usually short, strong, sometime|| 
'mmed for4«mpmg: tarsi d-jointed, qiongy below, the 
p>|4l:,lM]oh^. Abdomen with® segtuents. Generation simple,j 
< ; ; The larv^ are short, flattened, usually either parti-colour^; 

the last segment usually with a retrac 


aife very injurious, 1)oth' the una^’^ 
eating the leaves of broadleaved trees. 

1. Chtymnda }ioindi, L. (llfd Pq>lar-leaf Beelk). 

a. ' ■ 

,■ 10 to 12 mm. long, of an obovate shape, blackish-blue^v 

ihe elytra briek-red, their extreme tip black; thorax narrower 
ihan the elytra, its sides rounded, broadly rai.sed and coarsey 
punclnred,^^ aiitennad short, compressed, thickened towards.' 
.the ends. 



* Fi'*’. popuii^t. 

% licotlf. I' l.itrvn. <- I’lipn. 

Lana O-legged, of a dirty white colour, with many black 
pots, and two white lateral projections on the 2nd and 3rd 


Pupa sharply narrowed towards the posterior extremity, 

ivownish yellow:, with regularly distributed black spots and 

diripes. , ,.; 

k Ltfx-lmtnry. 

The Beofton forJUgM is in May and June. 

; The ! lays her yellowish-white eggs in clusters of 10 to 12, in 

|il 100 to 150, on the under-side of the leaves of young poplars, 
f The larvae emerge in June or July, feed openly on the leaveSj 
Ipd if disturbed exude a milky-white ftuid, with an odoUr .t^ 
^tter almonds. 

i Pupation takes place in July and August; the pupae hai^ 
IWrsed from the leaves hy their pointy ^d. 

[ 'The beetles emerge by the end of August and a|ter Octobe 
^emate under leaves or moss, reappearing in the a 

Generation annual, but frequently double, when 

^M«.v«^'^uhe; ■ nnnae'ferjtalM 





To days later. Fresh larvae tn Aitgust. m . 

^mon io niB«y parts of the Britisn J- , 

Ehglaud. .. ^ Matms to itio FomL . 

The insect, both in the larval and beetle ' 

’ (L rrohtii'o Ilulcs. — c. popafi,h^ 

' Collection of the w bitten by tcell. n.e»l bitten by 

vs:;”5.r "'L'tuy»d 

September. j.-j^uiewhat smaller than, and greatly- 

!-■ 2. Chrysoml» nilgatminm, L. (IFilte BedU).* 

i' ct. Deocriptien. 

I B,«i. 4 1. j««. i««. «M w-i. •* • >*r‘" S 

wmetunea eoppwy M inOigo-coloured, 




4UUK>8 270 to 3j76' 




*€^Urly pufietate-stfiftte. Lame 
'Often nearly black above, with an olive-green middle It^ 
^j'ellowish below. 

Life'lmlorif, de, 

|;;,Tbo beetles come out in the spring from their ' i«lialta.4^ 
.j^iaoes, and lay their eggs on the under-surface of leaves «4| 
Twillows—.S'olix riminalis, L., 8. purpurea, riihra, etc., and also' 
'ton iwplavs. The images and larvae attack the young shoots 
^d leaves, eommeuciug with tlie under-surface, and eating; 
..,^eir way through the leaf, or up to its epidermis. 

■ Pupation lakes place in the soil. The beetle-lives through 
the winter, hiliernating in various localities; it is found some-; 
-times high up on willows in sheltered places, undej' the rough' 
baik of old jwllai'ds, in hollow stems of herbaceous plants, ■ 
. among the tormiiiiil shoots of neighbouring young pine trees, ' 
jOr on the soil amongst fallen leaves and old stumps of osiers!. 
They vill also hibernate in the iieaped-up peel of osiers,! 
..which should not, therefore, be left lying about. i 

.. Generation generally single, rarely double. This beetle is. 
totremely common and decidedly injurious. In 1884, according 
to Miss Oiuieiod, in osier beds in the Lymm district, near the 
borders of Lancashire and Cheshire, it was estimated that 
tte whole crop of osiers on 50 acres would have been destroyed .■ 
if protective measures had not beeu taken. 


r. Pntecim Ruks. 

; i. Dragging across the osier-beds ahrope-weighted in thei'i 
middle. Ibis operation, which should be repeated seversdi 
.■Jines, knocks oS the beetles, which will lay their eggs on the'ii 
-■■round, where they die. j| 

■r in Sprinkling the osier-shoots with a strong solution 
.^od ashes, or with Paris green (arsenite copper, seei^^ 
*^ 177 ). 

”0. Knoeking the beetles off the oskrs.inte sqiSre tinVeiM 
-jibing ashes, fet this procedure raasibe done repeate®! 
-idly. .CoUeetion of the beetles in their winter guai-ters, - til 
d Traps of birch-Uark, planks, ete., may be put above t|, 
under these the Julies collect iu.myrit^s 
then'be:,‘d(^te^» 



Pig. JL 

water; t»|g 



CHAPTEH VII, 

L3BHD0PTEHA -BTJTTEHFLIES AND MOTHS.* 

. This order is siilidivided into lUnijmhx-fra or buttperflies, and 
tlekroeera, or uiotlis. The former are distinguished from the 
ktter by the possession of somewhat rigid slender antennae, 
"which are clubbed or knobbed at the tip; and by the absence 
of a/nmihim or bristle attached to the base of the hind-tvings 
and passing Ibroiigb a loop or retiiMcidvin at the base of the 
fore-wings. In the moths the antennae are usually flexible, 
seldom rigid, and are at most thickened towards the apex with 
>110 well-detined club; they usually possess a,J'mmhm. 

Butterflies are of slender build, they fly by day and are often 
jgaily coloured. 

'j. They are of no inipovtance in Europe from a forest point of 
view, although tlui larva of Pieris cratvuyi, L., does much 
; damage on the Coutinent to the foliage and infiorescence-buds 
„of orcliard trees, as well as species of tiorbus and Cratmjiis. 


Heteroeera. Moths. 

Eamiux 1.—Eksudak. 

IkM'iptwn of FamUy. 

•Dinriial moths which fly rapidly in hot sunshine. Antennse 
fsiform i li ocelli. Proboscis sometimes rudimentary. Wings 
^Tow, more or less hyaline, and resembling those of Hymenol 
tm; frenulum present. Body stout, 
tfleneration, 1 to 2 years. 

'Ceter^Uan cylindrical, yellowish white, with fine scattered 
airs; S pairs of lurdlegs; head and protborMic shield boti^j 
ad usually dark edonred. i 


r, arm^ with circles of spines on the abdominal 
J»gment8, in a ooeoon spun out of chips of wood, 
i . The larvae live in wood, chiefly of broadleaved trees, and 
^re galleries in the stems, twigs or roots. 


1. Se»ia apifomh, Fabr. (IToriui VlearicUip Moth), 
n. JMsm/ilion. 

Moth with a spread of wing of 33 to 45 mm.; body dark 
)rown, with 8 pairs of bright yellow spots, behind the eyes, 
m the front and on the hinder part of the thorax; and with 
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Pis* M**.— nj>ifui'misy Fabr. 
a linngi'. h (laU'rjtilbtr. c I’ujta. 


the last 3 segments, and the 5th segment of the abdomen^ 
eonnttog from the tail, bright yellow. Wings transparent, 
ffith rnst-red borders and veins. Caterpillar with 16 legs, of 
a dirty white eoloor, with a reddish brown head and a dark 
^ sJong the back. Pupa brown, with spines on the back of; 
^ 'segments and apex of the abdomen. 

b, Life~Mtlortj. 

He moth flies in June and July. a 

The brown eggs are laid in July - in cracks in the bark dl 
^lars,Awards the low^ part ^ the stem. The caterpillars 




^y^rin JWy and August, pass two winters in their jsalle^ 
and pupate in May of the third year, in a coeoon of wood-du#; 
constructed inside their borings, near to the groiind; eroep-? 
tionally in the ground when the larva has bored low down 
towards the roots of the plant. 

f The itnngos emerge in -Tune, when the empty pupa cases 

liaay be seen projecting from the stems. • 

The generatioti lasts two years. The moth is widely distri¬ 
buted and often common among poplars; the injury caused 
by the caterpillars often accompanies that of Sajicrna car~ 
chariof, L. (page 280). 


c. Kflatlow lo Iht forest 

The larva boros cylindrical galleries in the wood of poplars, 
especially of the black poplar and aspen. As a rule it prefers, 
trees less than 20 years old, but is sometimes found in older 
trees. It generally bores low down in the tree, and its attack 
can be recognised by the wood-dust which collects on the 
ground or blocks up the boles by which the moth will emerge, 
and through which the pupa can ]nish itself by means of its 
spines. The injured saplings are frequently hrokon by the 
wind. The calcriiillar is chiefly injurious in nurseries and 


fcvenues, 

d. Proketm Tinier, 

Baplings may be smeared as for protection against the poplar 
longicorn. The moths should he caught on the tree-trunks 
and destroyed at the end of June. Baplings infested with 
larvae should bo cut down. 


Famiuy II.-CossinAB- 
Dm'riptmi of Family. 

Mmsm o* wood-toerS with setaceous ,ra 

iSbeetinaW ahtennae; without ocelli; the saouth-parts rudj 
ioentary. Body stout, and covered with ch»e short h&e 
j^htnoctenal, the wings strong, and roof-shaped when a' 

-iet. Generation estendipg over 2 or more years: CatrrpWm 

ff^ooUi or cylindrical, and with a 



t s^i&6Ei on tho alxJoinsn, in a cocoon spun 


chips of wood. , , „ ,, 

''ti:*'rh8 caterpillars live in the wood of broadleaved trees. 


1. Comm liipiipenh, Fabr. (Coat Molh). 
a. Dncrijilini). 

Mot)i with a spread of wing of 05 to 70 mm. 

85 ram..(?). Body Klout; head and neck covered with yel- , 
lowish-grey hair; fore-wings marbled with greyish-brownand- 
light grev, with numerous dark brown transverse lines; hum-, 
wings asiiy grey, or greyish-brown. Abdomen long and thick, - 
of the same colour as the wings, with whitish margmal rings,,. 

to the segments. v. *■ 

Caurpilhr W to f»5 mm. long, with 10 legs, at first reddish-, 
yellow, and later cherry-red, darker aliovo, witliahrown head,. 
and brown shield on the prothoracic segment; it possesses a. 
very offensive smol'l. Vnpa stout, roddisli-hrown. with rings 
of sharp spines on tho alidominal segments. 

I). Ijife-liMonj. 

The moth emerges in June and July. 

Tho S lays her eggs, up to 25 in numher, in a cluster deep 
ii cracks in the bark of willows and other hroadleavei tree®.! 
• The caterpillar hatches in July, and bores into tho wood, m 
which, or sometimes in the ground, it pupates in May of the. 
third or fourth year in a large stiff oocoon with a sniOTth 
interior made of particles of wood roughly spun together. 
The moth appears 3 to 1 weeks later. 

Generation, 2 or 3 years. Found throughout Great Britain 
and generally common, at least in the south. 

c. Edatmt to the fond, 

'p The caterpillars live chiefly in the wood of willows, but also 
poplars, alder, elm, oak, birch, lime, fruit-trees, even the 
walnut, and occasionally in Scots pine. They prefer thj 
lower part of the trunk. The mode of attack resembles that 
but many caterpaars. may alwiys be found iff the 
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‘ ■ Fig. 

* I a\ h C&tcn}iilaT> grovB* <■ .,,;^'vl 

.-r'V'■ .'■^ ^■",^‘. t'wifia oftft AT* moFB• they oi5>ys 

-f®**? jonc forest botderB, eliC. They are ve^ 

^>tre» in heagerows, aio 8 attacked is ns^eSSj® 

2/^_.ehe wood IShjen'.rm? 



piiftBr. - 'infesM tr^8 may l>e easily recognised by the bad’" 
,oddur due to the caterpillars, and by the wood-chips thrown 
*ont from their borings, ^hich are of various sizes up to the 
thickness of a man’s finger. 

(I I’roterlk'i' Ittitix. 

hslotStm. Bats, owls, and gont-suckcrs attack the moths, j 
Saplings which have been attacked should bo felled, split, ? 
and burned with the caterpillars they contain. 


2. CoiSM msciiU, L. {If’ond-li'njKtrd Mnth}, 

‘n. Iksn-i/dm. 

Moth Avith a spread of wings of 46—60niin. (J), 55—66 
mm. (J); wliite with numerous round steel-bluo spots on the^^ 
wings and six on the thorax; abdomen long, deep blue with; 
white rings. Larva naked, yellow with black warts and dorsal 
shield, Hi-leggcd. Pupa with rings of spines. 

h. Idfidthtonj, fie. 

The eggs are laid singly on saplings or branches of broad- 
leaA'ed trees. The larva emerges in August, bores into the 
sapwood in the first year, passes the winter in the stem, and 
in the second summer excavates a gallery running upwards; 
ahmg the middle of the wood. In this it passes the%ccond 
winter, eventually pupating under the bark,, Generation bieB«i 
nial. It attacks many sjiecies of trees, toaplo, ash, lima,f 
apple, birch, beech, oak, horse-chestnut, elm, jwplars and; 
willows, and has even been found iir mistletoe. 

• It is widely distributed, though rarely very abundant j 
sometimes it is rather eosgmon and injurious in the neigb- 
j^orhood of large towns such as London. 

7 Treatment consists in the cutting and burning of the infested 
stems and braaches. ' 

Pamih III.— BoantcioAs. 

Detadptiun of i'amily. 

Antennae short, ^ctinate in both sexes (simpiy pectinate 

J^l^.^Hhly.,,i^|;)j,.0ee^,;,jJSt^r|lji;.^S9tt Brob^ia spril; 



UBnally functioniesB. Wings ample, somefames u^,; 
.'^portion to the size of the body, roof-sheped at rest. Bodf 
i^ot and long, generally densely hairy, usually larger in e, 
Flight as a rule noctnmnl. Eggs frequently 
ilotes, and covered with hairs from the tail of the S . Cater- 
‘iHlar* usually hairy, seldom naked, with 10 legs. Z'lqwe stou 
i^nd short, in a cocoon spun out of silk, often with the larva 
.hairs interwoven. 

The caterpillars feed on needles, leaves, etc., and are usually 
iwy voracious. Borne of ihe most destruclivo speems of uisects 
t'irf European coniferous forests belong to this family. 


1, Gddnfm-ha piid, Ochsh. {Pine Mmh)* 

a, De^rripliiitu 

Moth with a spread of wings of 00 mm. (^) to 80 mm. ( ? ) 
Body thick and stout; fore-wings whitish or brownish grey 
hi the 3 with dark reddish-brown transverse bands, and wiU 
I long unieolorous patch, in which is a white lunate spot; n 
Bto y the hands and patch are reddish brown; the hind 
wings in both sexes are rusty brown. Tlie colouring an., 
markings of the wings vary much in individual examples. 

’She^eaterpillar attains a length of 80 mm., has 10 legs, 
'and varies in colour from ash-grey to reddish brown, or dark 
ilteown; there is aWark dorsal stripe, and sometimes a series 
%A lateral white patches. It is hairy with clusters of greyi* 
^kisUes, and possesses on the 2nd and 8rd segments from the 
%Ba-two steel-blue bare stripes, which becoiae apparent at 
.^e second moulting, and are very characteristic. ; 

spmewhat cylindrical, dark brown, enclosed in m 
whitish grey cocoon, which is pointed, at both end^ 
nf looser textee near. t^ head of the pupa to faeilitats 
exit of #e moth. 


»telyaotft B«UveotarefitBrit»Si>. Itiasjf 

’’IS&or » littWrtMU » part litemtoe .rf Icropeau to^t^^and to 
Lratore, that it to 

| S.l. « Wttndy to the to®*- “ *® HU 



k Lifn-fiMtrii. 


^ The moth fwm the cocoon from July « 

■ of AnguBt. It hr >« « 

200 blnish-grey eggs, as largo as heiupseed, m o 




'll 

147,—rGrta^nyww^rtlWM, Ociuili 

« me. ^ Femle. 


iout 25 to 60 in number, to the bark-crevices of «tonato| 
Sts pines, usually at about the height of a man. or on th^ 

leedles and shoots of young pines. , *i,„ 

ThJeaterpiUars hutch after 20 to ^ days, 

August. %ey at.onee djnronr . to^ egg-shells, and the 


ieatter themselves among the twip, where they oegaj w leea 
When about half grown, they descend the trees (in Oetoba 




Wbernate in bark-crevicos. The| 
time of reaBcenaion depends on the degree of warmth of the ■; 
season and on the quarter from which the wind is blowing. ‘ 
Pupation takes place at the-end of June or beginning, of 
July, either on the needles and twigs of the crown of Uio tree,, 
or in the larger bark crovicea 
The moth emerges in July, about 20 days after pupation. 
Generation annual; but sometimes irregular when the insecej 
.occurs in great numbers. Very common in Germany. 


f, l^^'latil'Us tv the Fuirsl. 

This is the most destructive of all insects to Scots pine 
forests in Central Euroiie, as it may ai)pear in large swarnta.:^ 
throughout the summer for several consecutive years, and ia,; 
enormously voracious. Tho caterpillar also attacks tbej 
Austrian and mountain pines, and in case of scarcity of food, ^ 
both the spruce and larch. It prefers (10- to HO-year-oldl 
trees, but when abundant it will attack yomigor trees, and:.' 
thickets of young growth and phviltatioiis. 

The attack is on the needles. When tho caterpillars are-; 
very young they gnaw the sides only of the needles, hut fully-r,^ 
grown caterpillars eat Ihotn down to the sheath, usuaB® 
leaving lire latter, and in this manner completely strip th|| 
twigs. , 

Even, the terminal l^s may he eaten. The older cat^^l 
pillars prefer needles of the previous year. A single catcrpiil^ 
will eat a needle in 5 minutes, and may destroy in all lOW 
needles. After complete destruction of tho needles and bads| 
.the tree must perish, and as a premo^itor of death a few'| 
’^dusters of stunted needles, termed rosettes by Eatseburg, lhay^| 
jjippew. 

f The trees may recover, if for a pole 200 needles, and for anl 
<iTbld tree 400 needles, still remain green. An attack 
yiieneing in April and lasting Ull June is the worst, as thi«| 
;;«fleet8 the formation of wood. An attack generally last^ 
■jlor 8, occasionally for 4 years, and is at its maximum during'| 
Vthe 8rd year. Irregularity in the development of the insects;! 
degeueratm,.<^,;;i|>p catepUto; which me iarg^ in th;ej 



y^r and become successively smaller and weaker, rapidly 
^sue. At the same time, insect-parasites and bacterial 

diseases become 


L ‘ more and more 

Ws active, until the 

W caterpillars die 

W from these causes 

‘I,',' t| in immense num- 

ft • P®®*' 

Si dangerous in pure 

[ Scots pine forestS; 

I ' on sandy soils, ir 

titlr f. 

R in the jilains and 

iS ii jr^ 0/v** North and 

. HJJ y North-eastern Ger- 

W L I' many, less so ir 

W llj / c , If'^r ' the south and west 

ii yV fj )'■ *M ' *'* 

H iiiif I ll lainous districts. 

I SI ^ succession o: 

\Sf I Jl warm summon 

% yg favours its multi 

% if U plication to an ex 

^ Im iH,, traordmary degree 

n Jv In the ten years 

M 1863—72, in thi 

j||L^r forests from Wes 

Prussia to Saxony 
442,500 acres o 
M Scots pine foresti 

ifl were attacked, ant 

Scot# jn«e,fenowiiiff 70,000,000 OUbi 
difokuioa l>r O'-Wisi*. (jV/WKn!/«».) feet of timbe: 

. killed. In 1888-8 

IHm valleys of the Ehine and Maine, in Hesse, were ravaged 
‘^liid the caterpillars devoured the needles even of lO-year-ol 
-iiaes^,,. ' 
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(/. PrnMiiv JiiiM, 

1. AvoWance. as much as possit.le, o! piu-o Scots pmo 

: forests in localities exposed to 
' 2 Careful search for caterpillars, chioHj m M\m k. , 

’.i z“« ;r “!'T;r. *, s 

trees is rahed up and searched, end if 6 to 8 caleipniars 

' “ L .™..d. tt».»».«»i” ““ “ ”” 

j.,r“ 11.. ...111. 

collection of the caterpillars. 


/I -O’... ^ 




Fig. !r,.i,_Cat.rrilla, <.l iSo ISnc IM. »itli 


4. Protection of enemies: bats, kidgers, ^ 

;oat.BUckers, etc. Titmice, golden-crested J 

Lpers destroy the moths' eggs. A number of >« »"" 
ffasps and parasitic diptera attack the larvae, i >g. 160 bhowi 
a caterpillar covered by the pupae of Mim 9 <^tcr uhlmtm. h. 

e. Rmtdiat 

These are, briefly: The excavation of ^ 

to catch the oaterpUlars. Trenches are maie o 
;of either isolating attacked areas, or to catch caterpllaS^ 

within the infested wood. (V,« trees-bui' 

ColUctkn 0/ W, by scraping them from the trees, but, 

SitoiameUiod al8p,^pyB ichneumons. 


' C&cfion ^ ia undertaken ^tiiar afi^ 

November, or liy shaking the trees in August. 

This method ia less officaeious than amearing girdles of tsaS; 
m the trees, as at least half the caterpillars escape. . ; 

Collection of jnqmc .—In June and July. ‘ 

CoUcclimi of the <1:.moths .—This is carried out in Julyiii the 
tnoruing and on cold wet days before the eggs are laid. 

Uy this means ichneumons are not destroyed. 

(jinUinij the trees with (jrcasc-ljamh .—This is the best and 
safest method to adopt when the insects have appeared in 
large numbers. It was first employed in Silesia in 1829 
igainst L. monaeha, L., and first in I 86677 at Gliicksburg,. 
igainst the present insect. 

The details necessary to ensure success by this measure are 


carried out as follows:— 

The woods which have been attacked are thinned, in order 
that tar may not he wasted on suppressed stems; all under- 
,growth which might serve as bridges for the caterpillars is 
^Cleared away. 

, 1 ;, The coarse bark is removed from the pines in rings 10 to 
,15 cm. broad, in order to present a smooth surface for tHfe 
Jtar, Care ia taken not to injure the bast. 

*: The smooth places are covered with a horizontal band of 
lar or grease 6 to 8 cm. broad in February or the beginning 
■<eif March, and this operation is repeated at intervals of 6 to 
® days, or again in April, when the. former application has 
-become too dry to catch the in^ts. 

C Eatzeburg has distinguished eiperimental tarring from 
'general tarring. The former is used on lines of trees here 
■^d there throughout atwood, where a severe attack is feared, 
■i^d if 6 or, 5 caterpillars are caught on each tarred tree,; 

a general tarring of all th 6 ‘trees is undertaken. There" 
.^'faoyrever, a danger that the general tarring may come tmiil 
it is recommended to try the experimental tarrihgt 
^jthe autumn, and if a general tarring is shown to be,; 
rHeSewary, th take all preliminary measures for it during; 
^ win^r, The brat,tor is made from pine roots and; 
j^imps; it should be of a' eher^-brown colpur and pogse 8 S| 



^usi be pat on cold. 


’.,™k_;M^ f.ssor 

Coal-tar’taBst not be used for this 


:jmrpose. 

f Certain compositions are also used which arc superior to 
flat, such as tar mixed with 9 to 15 per cent, of resin, or 
8 to 11 per cent, of acetic acid. For similar purposes in 
t'Englanil, grease-hands are made of *• cart-grease ” or mix* 
tnres of Stockholm tar, unboiled linseed-oil, etc., etc. 

In order that a composition may ho really useful for this 
purpose, it must comhino cheapness with prolonged stickiness. 
A. thick coaling should always he used, or else the substance 
is absorbed by the bark. 

In order to sjiread the tar 
a paint-brush was originally 
used, but Boden and Kielmaun, 
two German forstmeistera, con¬ 
structed, in 1881, two wooden 
spatulas, vvliich Fig. 151 repre¬ 
sents. Tbo broad and grooved 
spatnln is almut 3(1 cm. long and 
Si cm. broad at the top, where 
it is grooved on one side, but 
smooth on the otlier. The 
grooving gradually slopes from 
the handle to the extremity of 
Ihe spatula, where it is 5 mm. 
deep. The tar is taken from 
the ban'el on the flat side of the 
broad spatula, and spread on the toeo with the narrow spatula. ’5 
The broad spatula is then turned round, and the groove ■ 
pressed round over the tar. This makes a smooth ring 6 cm. 
broad and 5 mm. thick. 

A, The quantity of tar used and the cost of painting the rings | 
varies with the age of the woods, and in Prussia averages 40 
|o 60 lbs. pet acre for eld wood, and 60 to 60 lbs. per (M|^Jfor A 
ipoung wood, the average cost in either case being 6s, and;1 
9i. 6d. per acre for tar. 

' In 1878 in Plietnitz in;fWe8t Prussia,, 45 millions of cater-^ 
piDars were destroyed bj me&ns of tar rings, at a cost of 7«»| 
^ 10,000 caterpillars. Ip woods under 60 years old the | 
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rfjBffltiating'fiaterpiilars w® collected at a oosrof §0».'p^ 
iOjOOO. The yalue of the annual increment of wood saved 
was 8«. per acre, as against 7s., the cost of the tar rings, 
ii The efficacy of the tar ring is less interfered with by frost' 
ihan by great heat, as the latter easily melts it and causes it 

run down the tree. Most of the caterpillars which attempt 
to cross the rings adhere to the lower part of them; but about 
;8 per cent, of them, chiefly the larger ones, inaimge to cross 
:tho rings, although of these about 59 per cent, soon die from 
,jthe effects of the tar, so that only 1“2 per cent, of the whole 
,dumber really survive and pass the rings. 

The caterpillars whose way to the tree-crowns is thus cut 
off, return to the ground and try to find their way to other 
trees; they are therefore prevented from so doing, by isolating, 
by means of trenches, the wood containing the tarred trees 
; from other woods which have not been so protected, 
i Caterpillars infested by ichneumons, or fungoid diseasel, 
itnay be introduced amongst those which are healthy. 

In cases where the attack is very bad, but localised over 
s small wood only, the soil-eovoring is burned whilst the 
eaterpillars aro hibernating, or even the wliole wc«d is burned, 
measures being taken in both cases to protect the adjoining 
woods from the spread of the fire. 

Eobert Hartig, in 1871, experimented near Ebenswald on 
Bie effects of the different methods of protecting the 8eot«' 
pine from these eaterpillars, with the following results 

The collection of hibernating caterpillars, as long as the 
moss and dead-leaf covering is replaced in position, has no 
had influence on the growth of the tree. 

' The jarring of young trees in order to knock off the cater- 
l^lars involves local decay in the bast, and consequent 
(Auction of increment. 

■ 'Tarring does not hurt the trees in tne slightest degree. 


a. Bondiyte nenstria, L. (Larhey-MoOi). 

Moth with spread of wings of 10 to 40 mm. Body and fore.’ 
'.I4lngs oohreoas-yellow or red-brown, the latter traversed across; 



mmmm 

fSiOT band wlneli is bordered by pair 

Utripes; hind-wings somewhat lighter, crossed by a vague 
■ dMker stripe. 

•' Cat<r}>inuv extending to 45 mm. in length, with 16 legs, 

' marked with alternate stripes of blue, reddish-brown and 




white, thinly covered with long hairs, head bine with two 

black spots. . ; 

Piipa bluish-black, covered with short hairs, in a yellowish-, 

white thick cocoon. - ; 

i. Life’hkim'U. , 

The moth appears in July and August, flying in the evening 
'md resting during the day in sheltered places. 

The ?, about 8 days'After pairing, lays from 300 to 400 
brownish-grey eggs in » close spiral, forming a cylinder round; 
■ a young shoot. 


fUe caterpillars Tiatcii* in April or the beginning 
nd live socially in companies of 50 to 100, until they are full 
rown, in web-nests spun by their joint labours, and incre^- 
■ig in size as they grow up. They leave these nests to feed 
m leaves, rotnrnin| to them in wet weather or by night. In 
me weather they ore fond of sunning themselves. 'When 
disturbed, they let themselves down to the ground by threads, 
j?’after hanging some time in the air, draw themselves up 
;^ain. 

4 Wbeh lull grown, in June, they dispense, and spin cocoons 
imong the leaves, or in bark-crackti, 

• Generation annual; the insect is very common over the 
greater part of Europe and in England. 


f. Itelations to the Forest. 

The caterpillar is found on many trees, especially on apple 
and other orchard trees, and on oak, hornbeam, and poplars; 
Silso on elms, birch, maples, .willows, thorns, briars, etc. 
iiiftnly ash and lime appear to be spared. Its attack com- 
I'paenceB on the blossom and leaf-buds, then extending to the 
^^oliage, and lasts from the end of April till the beginning 
June. It is chiefly important in Orchards, to which it does 
' ‘‘^■^mense-damage, 

(f. Prokelire Rates, sk. 

-i. Protection of enemies, notably titmice, the golden-crested 
4?||fren, the cuckoo, finches, etc. 

:;?§ in Pruning and burning twigs bearing the egg-rings during 
jpie winter. , , 

-^'' iii. Destruction of the young caterpillai-a in their webs by 
4;|p,8shing with gloves, or short bromns, or by cutting off the 
and letring them drop into a pail containing paraffin, 
^eee remedies can be economically applied in orchards and 
■•"t^imrgeries only. 


,'l, Bmlyz pudibtndit, E, (Pote Tmmk Moth). 
' ' a. 


.- 45 J .Mofft wi& a ^read of wings U 46 min. (^), 60 to 60 mm, 



InS With 2 to i narrow grey-brovrn transverse waved line*.)' ■ 
abdomen and hind-wings somewhat lighter, the latter with a 
faint greyish band; 3 darker and more spotted than the S , 
Ciilerpilhr, when mature, about 40 mm. long, with 10 legs, 
at first greenish yellow, later becoming reddish or brownish, 
hairy, with four truncated tufts of yellow or brownish-grey 
bristles on the 4th to the 7th .segments, separated by black 



bi 'a 

f'ig. W6.'^Jfmhyfx pK^ibmdo, L. 

a Male. b female. e Caterpillar. d I*upa (dorsal lurfaca). 


velvity bands, and with a rose-red pencil of hair on the last® 
segment. 

I’upa thick-set, dark brown, covered with short grey hair, 
a yellowish-grey cocoon spun np with the larval hairs. 

b, U/t-Miior^, 

, The moth appewrs at the end of May or beginning of June. 

June the female lays about 100 to 150 bluish-grey eggs in 
I cluster on the bark, generally low down, at about 1 yard 
from the ground, but often a few yards up, sometimes on 
twigs or dead wood on the ground, or even on grass of 



HI clusters, with tbeir heads usua y towards th? . 

the middle of July they* separate and .gander ww ^ 

crowns of the trees, coming b October,. 

y-HVr-r 

among herbage on the ground. 



Ka. ettott by to la«« 



m—Oak-leai 
stripped by the larr 
of if. fuiihunda^lh. 

«i».) 


fhejKenCMtwuie annual. ■ snow an 

caterpillar is wry hardy, aii^. 

old well. 

c. BMim ^ 



f^fers dry, sunny, elevated places, and avoids valleys. It has'! 
('often lieen noticed that an attack commences simultaneously 
( at several points of high elevation, from which it spreads in 
gall directions 

^4 It prefers 40- to 80-year-old woods. The foliage is at first 
fi’Only skeletonised, hut after August the leaves are almost' 
'i' entirely eaten and fall to the ground in thousands after the 
;(oaierpUlar#have bitten through the petioles. 

In the case of the oak, the petioles and mid-ribs remain. 

The damage done consists in loss of increment, and reduc- 
^tion in the production of seed, as tower fiower-bads are 
? developed’; the quantity of beech-mast is much diminished, 
{ and the nuts are often empty. 

( This is highly prejudicial to beech forests under uaturaT 
reproduction. , 

The insect prefers southerly or south-westerly aspects; it is.; 
very common in North Germany, France and Belgium^ 
(Ardennes), being found at altitudes up to 1,300 feet above 
sea-level. It is tolerably common in Great Britain, but is 
seldom destructive, except in hop-gardens. 

In 1802, tho larvae of the pale tussock moth appeared on 
about 2| acres of forest in the Grand Buchy of Bhxom- 
bourg, and by October 82 acres were lealloss. By the endj 
of 1893, 0,000 acres of beech-wood were devastated,! 
and the caterpillars were so numerous as to impede] 
locomotives on the narrow-gauge railway. Owing to Ihe] 
increase of parasites and diseases, the epidemic stopped ia.i 
June, 1894. 


- ii. Pratedm Rules. 

L Ash, sycamore and conifers ifeould be grown in beech- 
woods. 

ii. Protection ol. enemies ■—crows, jackdaws, cuckoos, 
Ihnishes, finches, titmice, etc. Grbond-lMtiea and ichneu-. 
|mon-wasps are very efficacjous, and a spider (JS^'ira, sp.) has- 
been observed to be extremely destructive to the insect. A" 
longoid disease due to lm>w /arinoeu, Fries, with its higher, 
farm, Cordicciw 14fik« iasl^ #mtnon,^ 





e. iiemedwi Mmum. 

i. Collection or destruction of caterjnilars (end of September 
—beginning of Octoter), as they come down the trees to 
^pate. 

ii. Collection of pupae in the winter. 

iii. Girdling the trees with grea 80 -band.s at a height of 1 to 
8 yards, 'fine method has given fairly good results in the 
Ebarswald. On 3 acres about 500 catevpillara ifc tree were 
caught at an exi>enBe of lls. jmv acre. Unfortunately most 
of the eggs had been laid above the hand.s, and the eventful 
destruction of all the foliage of the trees was only delayed.* 
The Germans do not now .spend money on destroying this 
insect, as complete defoliation lasts only one year and the 
attacked trees do not die. 

4. (hijmnhmt, L. {Brotrn-iaU Moth), 

ii. iJesiriplum, 

, Moth with a spread of wing of 80 to 40 mm. White; the 
;^ier margins of ttio wings fringed witli long hairs; fore- 
"inngs in the S usually marked with small black spots alxmt 
,.the imddlo and towards the anal angle Abdomen brown 
toworas the tip, which is furiushod in the S with a tuft of 
'dai'k-browu down, thicker and red-brown in the ! . 

CaU')filltir 85 mm. long, 16-legged, with radiating tufts of 
long yellowish-brown hairs, brownish-grey above, with 2 red, 
sligiiUy zigzag lines along the back from tlie 6tb segment 
towards the tail, and 2 vermilion warts on the 9th and 10th 
foments, grey beneath, with yellow spots and streaks. 
f : Biijm dark biHrwn, hairy, with pointed tail, in a brownish- 
iprey eocooir. 

h. ^t-hislory. 

The moth appears at the end of June and in July. 

The ? lays 200 to 800 brownish-ydibw eggs on the lowes 
^rface of leaves of many btoodleaved trees, and cover's theii 
Vith the dense fluff from her tail. 

j • JBemiyx thumitfsi, Uootc, is very destraotive to (oliage of the lal (Stout* 
i» Mwii, sad toiaetiiHiisioccun in enuimoos numhere over very ex- 
} tewito enae. , H (dso nttoolq! the- lestes td f® toshes, indiiui Mnseam Kotoa 
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caierpilkrs appear 2 to 8 weeks later, usually m August^' 
and at once spin web-nests among the neighbouring leaves.' 
In the autumn they spin large caterpillar-nests, as big ns the 
fist^in which they hilMrnate, binding together many leaves 
with their threads, and thus forming chambers which they line 
with silk and fasten firmly to the twig*. 

Pupation takes place in Jime in a thin greyish-brown cocoon: 
between leaves. 




d 



Vi 

Fi^'. chrt/Mirhoen, 

a Malt*. 6 F^aie. c (!uterpilUr. rf Pupa. 


Oeneration annual. This insect is common, but 
appears in great numbers. In the Berlin Zoological Gardett 
they destroy the foliage almost every year. It is less oommoB 
in Britain thftn the closely allied B, limilis, Fiiss. (aarijdw^ 
Fate.); an insect of similar appearance, but with the abdo* 
!minal tuft of down golden-yellow. It resembles B. chry- 
wthoea in habits, and especially attacks hedgerows and 
orchard trees. 

f; BekUms k lk$ Fm$t. 

The insect is polyphagous; the caterpillars are found cm 
pear and plum trera, on oak, white-thesm, and also on beechi 
efm, maple, hombeamiifillowSji^aM, roses; even on robinia 



The eaterpiltars, enclosed in their common web-nest,'fiTOi 
iiaw the upper side of the leaves. Next spring, after^ 
enewing their nests, they feed on the buds and young leaves, - 
,nd later, on the btossonis and fully developed leaves, ea^^pt' 
•he petiole. In this way, the fruit is considerably reduced in 
Quantity, if not entirelyitdostroyed. Up to the middle of May, 
•n bad weather and also during the night, they retire to their* 
nests. After Uie third moulting, at the middle or end of May, 
they abandon their nests, and wander among the trees to 
feed. ‘ 

' ■ The crowns of the trees which are attacked begin about the 
end of August to look as if they had been singed by fird; 
‘later, the woods become more or less completely defoliated. 
If defoliation takes place before Midsummer a second foliage 
may appear. 


d. Pntetlm ’Rules. 

Protection of enemies. Titmice and the cuckoo are verj- 
J^tnl 

'^Cutting off the caterpillar nests with shears, and burning 
-mem'. 

Collecting and killing the caterpillars in May, and the pupae 
in June. Care must be taken to protect the hands against the 
hairs, which cause inflammation. The above measures should, 
b$ adopted for orchard avenue trees. 


5. Liparie monaeha, L. (Black Arches, or Nm Math). 
f.,, ,,, a. Dmriptm. ' . 

|.;:The moth has a spread of wings of 40 mm. ( 5 ), up to 50mim-' 
|s), I Pore-wings white, with many biaok zigaag transvera^ 
liiaes and patches, innd-winp light grey; abdomen with br08d| 
4!(«erred equaled by black which are very weK 
parked hi .;ite , "yt.--' , , , '-yy 

If'The e<Uer0ar is & to 50 mm. longj'wilh 16 legSfhmrf^ 
^apmdng slightly towards the. reddish-grey above 
igreeni^-grey below; with 6 bluiih warts bearing tufts of lbR| 
•hairs on ea^ s^ent, end qn the 6tha velvety-black hwi 


TT." 









"ifhe ft at first gr^ifih, later dark brown, witli a brotize f3 
istre, and coTered with shaggy hairs. 1 


k Liff-hisiory. 

The moth appears in Julj' and at the beginning of August, 
,nd may exceptionally be found till the end of September. 



. 

!;^lh sexes usually sit at daytime on the stems at a moderate 
liiieight from the ground. ' ' ; , , 

In the raffloth of August Mie ? lays abodt 180 eggs of A 
^‘iefifiisb'bronze odour in-groups of from S to 60 in bark-crackd, 
^ 8mo% the motw and lioh^ of large poles and tree stemsj^ 
Scots pine or ^uce, usually at 10 feet from the groundi! 
I^en, the ,in8eet^fwmw(^,®ra,^y>e%t,»^^^ ^ 



fcois 'ih' Scots pfce, only "as !lr as tiS^^r^gh lia^K 
Spends. • Later the eggs become of a pearly grey colour, and 
pbernate without any protective covering. i 

The caterpillars hatch at the end of April, or the beginning 
fl May. They remain for a few days (2 to 6) in small groups' 
sear their hatching place, and then ascend to the crowns of 
i^e trees. Until they' are half-grown, they are able to let 
;^im8elves up and down by threads should they be disturbed, 
^ey become full grown by the end of June, or the beginning. 
^ July. When young, they are rather sensitive to changes of 
weather, and are easily blown down by the wind, and may then 
mil on to young forest growth. • . ’ 

^ Pupation takes place at tlio end of .Inno or the beginning of 
My, and the pupae may bo found fixed by a few threads in 
bark-cracks loi;^ down on the stems, also on needles of low 
branches, and even on undergrowth. 

The moth emerges in 15 to 20 days after pupation, the active! 
y appearing a few days before the 5 . ♦' 

• ‘Genemtioii annual. The insect ajjpears sometimes in truly 
firmidable numbers. The moths, especially the ^^ are very 
Wtive, and maf fly for long distances in swarms, but' usually 
raain localised, 

L. monacha is tolerably common in many localities in 
Britain, chiefly in the south of England, but is not generally 
•egarded as an abundant insect. It is rare in conifer woods 
.nd, consequently, seldom if ever destructive; its usual food-y; 
danf^ppears to be the oak. Indeed most British lepidopterists ? 
^ to be unaware that it is a conifer feeder. 


c. Kelaliens to th Fm-nt 

species attacks all conifera, huif refers the Scots pBie'? 
^sp*^, and tall polos and old trees of these species tot' 
onesj^t also, however, Attacks young growth and also ' 
iWdleaved trees, such as beech,hornbeam,,bireh, oak, orchard 
‘ees, least of all the ash and alder. ^la cases of scarcity of! 
ther fo<^, it will not disdain Jowehrubs. 

The caterpi|l^ devour the needles and hud& men young 

thsaa. to wilt: thuL 



iiier larvM attack tlie fully formed needles, and in tlie ease ttl'l 
spruce, eat them from the apex downwards. They feed on ■ 
Scots pine in a most wasteful manner, luting off the lops of 
the needles and letting them fall to the ground, and only ; 
sating their lower, portions. The quantities of half-eaten , 



ot hijary, ISIS yrixluction of ohort jfrowth, 1S57 ; of bristls-ne^loo, t 
f slsat gnnrtJi, 1*69;'of acatlj- normal jjrimth, 1880; of normal gtowft *il| 
ktietalflormattt budfi, ^ 

needles lying on the ground then totray the presence of 
the enemy., * . 

In high Coniferous wood the older needles are preferred to 
*Jie younger, and fire attack spreads downwards and ontwardi 
from the BummitB td .the tf®®®- Among young growth, on tl^ 




^BiTe.aMib'^atas its and, the ctfteqdlteM retnm iii stpfttnis; 
the summit of the trees and eat off all the jonuRer shoots, 
speated observation has proved that thesejsaterpillars are ali 
eWy ami eventually die, aud inside them a peat variety of 
irasites is found. 

The attack lasts from May till July, andls reiieated for about 
ymu. In the 2ud or 3rd year it eulmbates, and complete 
'jilalion may kill the whole wood. The spruce is more sensi-, 

tive to the attack than the 


' /y j\ may recover the loss of half 

. ; j /' \ its foliage. 

/ii' ' " y' • .'V The process of recovery 

/ . \^1 /'I'l i I \ in the spruce is shown in 

/x*'\V '' ^ > !' 'A 

V . , ,,Nv / ’r'■ \ represent portions of trees 
'''x'"- J'' *' ■ V btackod in Silesio during, 
') 18.5.5 and IS.'it). The length 

^ * of the iiiternoiles was least 

^ 1 ' in 18.58, the normal growth 

^Vy.>, '/ not being resumed till 

A'''®,,';/.,''. ! 1861, and a characteristic 

' ' " growth of stunted “ brrstle- 

5“ Vi needles” appeared, a fea- 

;'v ^"*7''-^ \ ture which not nnfrcquently ■ 

<’>. V . n . occurs in the case of Scots ' 

3^ 16(1.—Bewli!««{ fftifo by a . . t, 

nV;j . of Z. wwf'wAoj L. pitt6» > >1 

The iuseet is found both;! 
,^>ljun8 and in hilly country. The most severe attaektj 
"I'-^di^Nan” during the present cehtnry was durb|| 
ij^l868 in East Prussia, Lithuania,,and Poland; b| 
baik-beetle atUck followed, and tire calamity ob!j?| 
I860. Pyom the ^th Inly, 1853, to the' 
1856, m the ik^hado Forest, where tbe< 
^IfjMsk commenced, 6.875 acres of forest jere compldelyl 
i^lpped of needlm, and about half as’‘much more nearlyi 
lliipped. The Imyal droppings covered the pound to a de^ 
y 6 to 8 cm., te many places to 16 em,,Md kept fallbg ^ 
&"girooad, wi%;,#;;Boa»d 


i 

Ni 




tclote, 18fi2, Sl,860,000 ciili. feet of wood were killtKi, 
(0,823,000 cub. feet by the Nun, and 437,000 cub. feet 
)y bark-lmtles. The ravaged area exceeded 21,000 acres, and 
n East Prussia, between 18,53 and 1863, over 167*000,000 cub. 
eet of wood had to be felled, while 267,000 acres.were 
ievaststed. 

The damage done in the neighbouring Piussian province wae: 
itill greater, and it has been computed tliat by the Nuii and 
jark-beetles 6,400 geographical sq. miles of forest in Bussia, 
ind in Prussia 600 sq. miles, altogether 7,000 sq. miles of 
brest, were destroyed, and at least 6,127,-500,000 cub. feet of 
amber killed. It was noted as a curiosity that the manuring 
)f the forest soil by tlio dung of the caterpilliirs, and the 
rpening-ont of the woods, produced sncii 
t heavy growth of grass that tlie stags, 
rwing to the -greater abundance of 
orovender, bore antlers of minsual sice. 

In 1889 and 1890 this insect proved 
very destructive in Bavaria, south of 
;he Danube, the exitcnsee of tlie cam¬ 
paign against it amounting to as much 
IS t'100,000. “ 

In attacking broadleaved trees, the 
jaterpillars .frequently oat the base of 
the leaves, letting the remaining portion fall to the ground t; 
this is the ease with birch and aspen, whilst with lieeoh api 
oak only a portion of the lea! is eaten,, the leaf-stalk being 
usually untouched (Fig. 160). 

The attack is never fatal to broadleaved trees. 

i, Proleeliiv livlm, . 

‘ i, j^fe tpmce or Scott pine woods mi inlr^^e 

lion of suitable species, e^gpoially beech, in intermixtare wiffi 
such woods. 

ii. -By, careful thinning ftttm-e remeiiial mea8ure| 

are facilitated, and a better control over the collectors of egga^ 
larvae or pupae js maintained; 

In; P/otecHm Iatt8,bnekooa, woodpeckers, 




'-ij . ... .. 

winter. The ground-lwetles, Carahu ghhatua, h., and Cato- - 
?ma iywph^i^, h., are also very usetal on the Continent, the 
larvae ot tbti latter attacking the moths’ eggs, and the heellea'; 


S usefnl in dertroyinc the esm throughont thii 



-^Sprncp ba^, wttb inierM.^^^) of ttio Nun niotb. 

we eaterpilhtra. Many ichnenmon-wti^lw ami Tadiiwu attaeM^ 
^e eaterpillara, for, instance, Tai'Mita nmnoehae, Bata., ?'!< 
Si^Vh«*w,,L„etc.. ,' ' ,' 

f;l|n J. QoM teand thak in,N. E. Bohemia S0 per cent-A 

‘ ' ------ . ] 11 per^t,^ 



■:iaE4W'»'CaiA«l1 


jWtmepaon wasps. Finally, towards the end ot the lasti? 
great swarm of the Nun moth in Bavaria. 181)0, fungi, 
especially bacteria, were destroying the caterpillars, the hitter 
became s/rcpy, and hung bent like horseshoes on the twigs, or - 
in masses at the tops of tlie trees. If such caterpillars are 
equeezed, a brown stinking liquid oxu.los, whilst healthy? 
caterpillars exude green liquid. ■’ ’ 


e. Hemi'ilinl 

i. UoUe-:ihm,aml oj the by lire, from autumn 

till the middle of April. The piece of bark on which the eggs 
are laid is removed, and the eggs scraped off witli a knife into 
a bag furni.slied with a wooden fiiiiiiel-Hbapod month. The 
stems are cleared up to 10 feet high, preferably by day* 
labourers, at llrst on fool and thou with a ladder, and tll 6 
woods in which many moths hai'e been observed should be 
first treated. This treatment is easier in smooth-barked polo- 
woods of Bpruee than in older woods witli rough bark. 

One gramme-weight of eggs contains about 1,200, and the 
lost of eolleeiion is about 8d. to 1 .s, for l.'i grms. In the winter 
of 18311-10, in the Biesonthal forests iiem- Eborswald, 10 tonsf 

eggs were collected. The eggs .should be hurtled in BmaH' 
lots, m otlu-rwiKo they explode like gunpowder. . i 

ii. Killim/ the diwUrs of newly-hatched caterpillars in April! 
and May by means of cloths, brushes, or by rubbing thejtfl 
with moss, sods, etc. (ireat care must be taken to seme th^ 
proper moment for this operation, and a delay of only a 
days may prevent its being done. The cloths, etc., u^d mfty 
he soaked in tar to render their aefSon more efficacious. This 
operation is also best done by daily lalionr, but under carefni, 
enpervision, one overseer being appointed for every 20 to 
workmen. One man should be able to work over 6 to 8 acres 
per diem, and the most suitable place to work in is among : 
young poles, where the caterpillars can be readily seen, and 
are not toft high up the stems. 

iii. CoU^eiwH of eaki'pilhrg and pupae, commencing in June,* 
Small caferpillars are nsmdly coIleeW in yooag growth, on ^5 
w|i^ they have been blown ; latw on, when they have ceased 



jrtnning, they ate shaken down from the poles. It is preferahl^ 
0 eolleet the pupae. 

iv. (,'ullixtm of 9 iiwthu from the beginning of July. This.; 

•hould be done as soon as they emerge, and in the earliest 
lOuts of the morning; it gives the best resnlts during cool^ 
weather,^: A cloth may be covered with adhesive matter, and'; 
used to daub the iiiHects. ' 

: It is not yet fully decided whether tliis measure is very; 
effective or not, some authorities, sueh as Altum, ranking it as, 
the best to lie adopted, and others, as llatzoburg, considoringi 
■it as almost useless. 

, In the forests near Ebersdorf in Keuss-tireiz, between the 
26th June ami the 12th August, 18t)8,600,000 9 were destroyed 
at a cost of i;2T0. ; 

v. Tmiclm are usually of little use. Smearing the stems 
'in winter from tho ground up to the largo branches with a 
imixlure of lime (i bushel), soft soap (3 lb.), potash (i lb.), clay 
.idwid eow-dung destroys tho eggs. This method can be used 

tor orchard trees only. 

vi. The appHaition of hiijh i/i eMe-hands about 2 in. wide at 
^ height of 16 .to 20 ft. from the ground, above tho iilaoes 
where eggs ore laid. This should be done at the end of March 
lir April, and the bark here is sufficiently smooth, and requires 
BO pteliinmary scraping. The rmgs are smeared by means of 
% broad brush fastened at right angles to a long pole. This 

in many oases proved an excellent remedy. The little 
^rpillars remain sitting in thousands below the rings, which 
saitA their way to the crowns of the tr^s, The composition 
should retain its fluidity for some time, but need not be.; 
toky, as the (aterpil&rg to be caught are so small. i 
; Iiarge fires lighted at night in the forest to attract and burhl 
'^smo&B have faW to do any good. In 1890, in the Bavarian: 
torssts the moths were attract by eleetiio lights to Uie mouth'i 

a large funnel into which they were sucked by an exliauski 
-dfrent of air produced by steam power. Large numbers; 
^e collected by this me&od, and killed, but it .cannot be ; 
^led whether the utility of tbit proceeding is commensurate;; 
^th its eSpensw;:, 

j, iWM ixiwis, j* 4l)«)4y described, page SW. fcf, 



pine-idoi^, are also asefol, as many imn caterpillars spu 
'themselves down or crawl down to tho ground. They liavi 
such an objection to the grease bands tliat they sit below then 
by thousands and die of starvation. 

The coflection of eggs, caterpillars, and pupae gives goot 
results only at the beginning of an attack. 'When the insec 
appeal's in swarms, the collection of moths and the use o 
low grease bands are the most efl'ective measures. High groaai 
bands cost too much. In the case of low grease bands, tin 
undergrowth must ho cut and burned, the areas attnoket 
should \» isolated by a sufficiently broad grease barrier, and 
so should intact areas. 

Although the Scots pine'is usually first attacked, it does not 
Suffer so much as llie sprueo, as the, stem of the latter hears 
eggs up to the top and the young caterpillars begin by eating 
the yearling needles. In the Soots pine they commence lower 
down with tho old needles. The Scots pine is not Ihei'cfore 
killed, as long aw the yt'ar's needles are spareil, while the 
spruce dies if KO per cent, of the needles are eaten. 

Lipaiis ilisjKir, L., the gypsoy moth, which in Europe attacks 
all hroadleaved trees, was introduced into Massaehusotts by a 
per.s()u who wished to interbreed it with a silk-moth. This 
peBlJuoreased m numbers over !350 sq. miles, and liecame so 
destructive to trees and crops that the State had to organise 
measures fur its erlermination on an immense and expeusive 
Scale, 375,000 dollars being spent in 1890—1894. 


PiJiitT IV.—Noctuioab (Niou'i Meius). 

Dettcriptum of Family. 

Motlu with long, setaceous antennae, usually covered with 
fine hairs, and sometimes pectinate in S ; ocelli present; 
proboscis long; wings narrow, during repose roof-like or level 
irenulum present. The markiugs of the fore-wings are usualiy 
ebaract^istic and take the form of three or four transverse 
iines of which the second from the outer margin is elbowed, 
and of three spots; two are situated near the anterior margin,' 
•he outer being kidney-shaped (reuffm-m, tUgma), the inne<; 

tflit^ ;,;it elongate, and 



ormeu^ar spot 

..g« are constant in position, bui nome or ^ 

iLit The body is thicb, and usutdiy coreied wtU dow ,, 

is^ri-xt ->■ “ 

ci:; 



l«s.-AW«. ’■ . 

,. N<>em ^nipmU, Pan.. {Vine « «'• 

, a. Ihfription. 

>rk.«. rdth a vring-expanse oi 85 mm.; fore-^inge rnw^e 
=■' . tr, l!v -^rtokr and ronitonn stigmata yelloTOb 
j?.wblea with gr y, ^ prodacedboward 

‘^ite, conjoined, j *!„„= «,id abdomen grevisb-brown. 

|£ 3 !^S; ?t- 



f aomewliafe elongate, ol a bright brown colour, wiwi iwo' 
^ines on its kil, 

b. Lifi-bixlm/. 

The moth appears from the end of March to the hcginiiing 
of May. ■ i 

The J lays 30 to 70 round, dull-green eggs on the needles of 
old Scq^ pines. 

The caterpillars liatch out in May, spin freely when young, 
and are folly grown hy the middle of July. 

S'Pniiation takes place,at the end of July or heginning of 
August, under moss, dead leaves, on or in loose earth, usually- 
under the cover of the tree on which the insect feeds. The, 
pnpa> are sometimes found in colonies, in the holes whenoo; 
stumps, etc., have been e.xtraoted. 

(Icncrathm annual. The caterpillar sometiiiuiH appears in,; 
enormous mimhers, hut i.s susceplihle to changes of the’ 
weather. It is tolerably common in pine woods thronghout 
Great Britain. 


r, Ilrtnlms to Ike Foml. 

The catorpiBar attacks chiefly the Scots pine, especially 
when *20 to 40 years old, but in case of necessity it may feed! 

older trees and other conifers, such as spruce, Weymouth: 
pine and jituijier. 

When young the caterpillar, according to Ratzeburg, boreS; 
into the bud-jihoaths of the spring shoots, which thus Itecomej 
brown, will and die. Latej* on the needles are attacked ,5 
beginning with their edges, and finally they are entirely-; 
devoured, usually on the lower branches, but also high np-ia 
•?ho crown. The attack lasts from May till July, but is not sof 
ieslraotive as that of Gaitropacha pint, L., as the Scots pine%<i 
;yen if extensively stripped by it, usually form new buds antf) 
eewer. One should therefore await results before felling, 
.roods that have been completely stripped of needles. Only- 
•hen the fatal nmitet of needles (Pig, 143) appear is the, 
'eath of the trees imminent, The insect inhabits luH)| 
^ons, and is most common in forests where the soil liaA^ 



d, FrolKtwi Kidef. 


Mix broadleaved trees viilh Scots pine. J 

Prolection of emmet : Fox, badsar, hedgehog, shrew, cuekb^ 
etow, starling, thrash, titmice, golden-crested wren, eteji 
Cahmma tticophmta, L,, is very useful on the Cnntment, and] 
linany parasitic insects and fungi attack the lanrae. -'ti 

Fungi (Kmpim sp.) killed nearly all the caterpillars in the 
"tnchler Haide in 18fi7, their bodies bfiing coveifd with 
■yellowish-grey sporangia, which after rain became (lurk brown. 
.File infected caterpillars were brittle like the pith of older, ai^ 
filled intenially with a yellowish substance. 

e. limedial ilmevm. 

i. I’igs may Iw admitted to the woods from .July till hard' 
frost sets in. In the forest district of Cloppenburg in Olden¬ 
burg in IHh'i, .')8 pigs in 2il days (Noveiulier and J)eeeml)er') 
are estimated to Inuo destroyed lfi,00(),000 pupae. 

ii. Caterpillars may be collected from the middle of May 

onwards by beatitig the stems, or in July by picking them, 
from lower grow th, or at the foot of the stripped trees, wlieKf; 
jdiey often collect in numbers. * 

Ui. Pupae may be collected during the winter, under moss,- 
etc.; the holes whence stumps have been extracted sbouid l<i 
Specially examined. 

iv. Moths may Ire collected by striking the trees in cloudy 
Weathor or by “ sugaring." ' 

'frauchos are not of mueh use, as tbe caterpillars are little 
given to wanderhig about. 


2. Soeim (Agrolit) rcttiffialii,* Eott. 
a. Dmr^vin:' 

with an expanse of wing of 30 to 85 mm. Fore-wih^ 
^rey, mingled with brown, vatiaWe in depth of colonr| 
-,^ith fine black veins, the three stigmata couspicuona, darkei| 

J £#!!«» of the UHbreat 8!»ci«s itf A 0 mu iieasilr Hve iu the groand: thijl 

phihhi (grave .the moa,- ia-Ajaerfoe *j« sppr(^ti»telj, t^a»i 



grey with darker borders. light 

1 35 mm. lono witli ir i 

jrej; head with a triangulr froiifn'l ^ ’‘'“"'“'sli 

vertex, meeting at their apex their ), *'*® 

”4’®* « « » «:»»d 

'■"« »-* b...h i. J 




3- 

1.- ¥ 
r«.ior.-3w„*™,,^,vrf,., a-.,t„ai. 

. «.Cr;,t i''2::’'‘ri-’' 'r “ 

i young Bcote pine. ’ * ^ ‘"’‘'‘Hy among the needle^; 

(iteration annual. 

»ivh it feed*. / ^ plants 

«. &ktimt fo t/te iVrri 

mps, etc., towards *• * * gwses, jwtatoes. 

9 Md ,tha S f K also attacks tL ScoW? 

„.,i ■'; ... .secondyekra.'S 



/i^'eiceptionally tt >6 off by it _iiJ 

ittle one.year-ol§, ,j ^ever deeper than 1 

Ipril and May close to the lowr;| 

ohder ground. w, the neodlee, In Jane. «dien| 

part of the stem, “"'1 “j,;’ \,,oy are bitten off at about . 

plants are someirhat oW®''- ^oawed. 

Ihc middle of their beig i , a • ^.^aker Bide . 

V -j«„.year-old soedUugB , 1 ,oot as ^I’ell. and; 

khoots bitten off, more rare y . gnawed. 

Brawl along the enr ni proceed under ground. 

“viT-ni iM«’ l™.—.> '■! “"• 

"*«.. 

$orth-eael (i..nmaio. and has 

rf PriiMim Mr*. 

li. For ahould be employed, i 

irf the balls, 

jl iii, I’roteetion of eueimes. 

f RmedM Xmum. 

’?• •»« “»>«*■ 1“ t 

KjCalh. pi “5 '* '“■■ 

« ««M5 ai""^ raitana- 



sw?iswt: 

The cateiriilfits may be iwisoned by layius '»it8 of caMa^ 
or lettnec-leares sprinkled with arsenic along the beds. 

The moths may be caught by “ sugaring.” and destroyed. 

8. Noct«a (Atjrolu) utjeium, Schiff. (Tuniip J)wi-Miitlt). 
a. Dfsrripim. 

Math with a wing-expanse of 10 inm.; foro-wiiigs yellowish- 
grey or yellowish-brown, with darker marks, stigmata of tho 
same ground-colour as the wings, the reniform and orhieular 
margined with black ; hind-wings milky-white, with no lunate 
spot. 

Catn-piUar 50 mm. long, with Ifi legs, coloured like that (rf 


U 



s v 

I'i^. 105. —Koctuff hfijefutHy Koliitf. [KutMalnkg.) 

the former species, hut with the triangular spots of the forehead 
and vertex separah'd at their ajiices by a space, X- 

J’upa light brown, with two long anal points. 

h. Life-hkhry. ; 

The moth appfears from the end of May tilt the middle M 
June. The ! flies a few days later than the S . Tlie larvaJ 
life is passed in the ground, the caterpillars hatching out ial 
June and July, and pupating in .\pril and May. 

OeHemtitm annual. Very eommon everywhere in Germany 
ind.iu the British IsIm.* 

e. Mekliong to the Foml. 

The caterpillar chiefly attacks tbe roots of gwsses, cereals 
md root-crops, also seedling and one-year-old spruce plants.,’ 
m some Prussian forest distoto it has also been observed; 


■©ling' bne-yeat-old plants 6i Scots pule 
‘tcept during hard weather in the winter its attack lasts from| 
ugust to April. Seedlings are bitten off below the cotyledon8^| 
nd one-year-old plants gnawed about the collum, so thatTihajl^ 
cixiuently die. In 1864 this insect proved very destructive^ 
a Silesia. In 1880, it destroyed spruce, Scots pine an#| 
•eech near Stralsmid. It is said to destroy wheat in Bussia.'! 
die protective measures ore the same as for the previous^ 
species. 


PiMtliV Y.— GROHBTmD.lE (LoOPBHS). 

Ihuriptum of Famihi. 

• Anlenmie of the imago either filiform or setaceous, with a 
thickened basal joint, not mifreqnently pectinate in S : ocelli 
absent; jiroboscis short; wings large, broad and delicate, 
usually lying more or less level in repose, sometimes sloping; 
4 {renulmii always present. Bodies slim, resembling those of 
Antterflies. Flight usually at dusk, or by night; a few species 
fly in sunshine. (Jatevpiliars hare, or only slightly hairy, with 
10 (rarely 12) feet; they move about by loiijiinij, owing to the 
absence of the first 3 or 2 pairs of.sucte feet; hence their 
fame, loojH’rs or apnn-u'orms. 

; Vupuc long, with a short pointed tail, bright brown, lying 
jgsually without’cocoon under grass, moss, or in the soil. 
o-i The caterpillars feed on needles, leaves, buds, etc., and a !ewj 
iipecies are injurious to forests. 

t. *Gtometm pmnriti, L. (Bonicivd-whiie or PimLooprr-Moih)'^ 
/(. Dmriptm. ' i! 

fWof/i with a wing-erponse of 85 mm. J bright yellow, wiil; 
sharply-defined area at the tip of the lore-wings and th^ 
both pairB ldael-hrowtt, hind-wings with two 
j||a9'dark bandit antennae' bipectinate. % r^iish*l)iseTi3 
^l^^p hi the fore-wings, far,d»t8,and 1 «w 2 transverse 
fatb wings dark brown; wtennae setaceous. In both eea^ 
ii&e nnder-Bide of the wings » brownish, with dark lines 
;,Sininere4w spo^, and a broad l^tryellow ^ band across, 




85 iatn. long, with 4 prolep, smooth, yollowisK 
jreen, with 3 White dorsal stripes, ot which tho middle one is 
ifondest, and two broad yellow stripes along the spiracles. 

i'upa at first green, later bright brown, with sharply-pointed 
ail 

k Lifr-fdihri/, 

The moth flies in May and June. The 3 is fond of flying 
ibout on sunny sultry days; its flight is unsteady. Tho f is 
ilso very active. When resting, the moths have their wing# 
apright, or else half-raised. 





Fig. (JVtf(ffj'ir/ 

a Male, Fianule. le Cutetpillw. d 

,, _he smooth., somewhat flalfened green <^b are laid in }p 
;i-ow (S—jl’J) on Scots pine neames in the crowns of the treewl 
?Flie caterpillars hatch out at thw,,end of Juno or the lieginnin^ 
Vf July, and are fully grown by dctober, when they let themi^ 
Selves down from the trees by threads. If tho weather 
i.;^d, eaterpiilara may even be found', in December. Pupatioifi 
^ October and November aniSer miosB or other so® 
^veiinft OT in .the sdl, nsiiolly under\tlio ,cover ©f the 
lOn *whi(i they have been feeding. 

The molU emergea in May or June 

(immiMH aunnal. tery common, ad|(l .widely distribute 


t Mcdiont fo Oi$ Foreit. 

The caterpillar atlaeks the commorr Scots pine, rare^ 
^er pines, the spruce or silver fir, and prefers 20- to 40- year- 
^Id toees, bat will even attack trees up to 60 years of age. i 
;^|^The needles are eaten from the beginning of July to the 
a;¥^d of October, but not the buds. At first the shoots of the 
l;^rrent year are sjmred, but later on they are also attacked., 
young caterpillars gnaw the sides of the needles (Kg. 166); 
they get larger they eat down to and beyond the mid rib. 

The full-gtwvp larvae cut off the 
points of the needles, but eat the 
remainder completely. Complete 
defoliation seldom results in the 
death of the trees, as the attack 
commences late in the season, and 
the buds well provided with reserve , 
material produce fresh foliage the 
ensuing year. Only when a wood 
has been seriously attacked for two 
successive years, the second attack 
destroying most of the needles, do 
the trees die. If, liowever,' a cold 
and prolonged winter should succeed 
a somewhat early attack of the pre¬ 
ceding year, the^nds may become 
i«?.—Smita pine tKwlbs too \^eakened to produce useful), 
e.pimiirh, 1. needles and the trees may die, afteti 
one attack only. As long as tlje eam- (( 
is found healthy the wood may he saved. It is thore:4 
^re unnecessary to commence immediate felling of defoliated ); 

as after an attack of the pine-moth. Dense woods in ■; 
“"anj aspects of warm hill distriots are preferred by this 
;jS», and wmdy borders of the woods are avoided. 



, Jk Prof^Uvi ini Rsmdid Kvlet. 
iUltheedkitrith dnhi&rs. 

Protectiem df enemies, as for Trachea pimperJu. 



' CoHection of caterpillars in August by sliaking the poles; 

Painting rings of grease or linio-whiting 12 to 15 cm, broad 
an the trees atl m.from the ground. This costs 7s. to 
per acre for tar, and 4s. to Cs. for limo, and has proved 
affective. 


Raking up into h'eaps, and burning the soil-covering. This 
method gave excellent rosuHs over ahoul 190 acres in Pome¬ 
rania in 1881-83; about \ to | of the pupae were luirned with 
the litter, and most of the remaining ones laiing exposed by 
the removal of lUe soil-covering were oaten hy birds. Where 


the soil-covering had l»oen left intact, the. moths appeared in 
the following spring in large numbers. The ashes must lie 
spread over the ground. In dealing with the attacks of thie 
loopor, the forester should continually fell Ham])lo trees, jn 
iirdor to bcieomo aeipiaintod with the progress and eonditioaid!^ 
the insects, the appearance of parasites ami the diigree of 


resistance offered by tlie trees. 

The extensive Scots pine forests near Nuremlierg, weakened 
by the wholesale removal of litter, suffered greatly from the 
pine looper in 1893-90, about 12.5,000 acres being ravaged of. 
Stale, communal, and private forest. Twelve hundred work* 
men were engaged at 4*. a day to work up the dead wood). 


^|jp00,000 cubic feet. 


2. Gt'omelm (Chnmitohia) hnmiaia, L. (U'mkr-m>thj .. 

a. iMtrijilm. - : ' 

£,Jl/«fewith a wing-expanse of 25 to 80 mm.; fore-wlis^ 
ample, gi'ey-lieowm, with several darker transverse wavy linesj 
hind-wings lighter, with a faint dark waved stripe in the 
middle. Femak 8 mm. long, of a brownish-grey, wings short 
fnd aborted, with two dark bands across them,jantemme and 
long, the latter strongly developed. 
p.iOokrpiUaF 16 fem. long, witli 4 prolegs, hairless^ at first 
;a^y, later yellowish-green, with a dark^dprsal line, and S 
^ight longitndinal lines on either side. i 

il f’wpa 11 mia. king, thiekpet, yellowish-brown, with two small 



i. lAfe-hisiorg, 

i ;The motli appears from October to December, and the 
lies especially at evening-time. ,1 

^iThe eggs are first greenish, and later on reddish; in all 
^ to 300 are laid, either separately or in clusters of 3 or 
4 iore, on buds, veins of leaves, and jiointe of twigs of almost 
^11 broadloaved trees. Tlie ? ascend the trees usually by the 
^st and north-east sides, which are protected from rain. • , 

The caterpillars hatch at the end of April or in May, are' 
fall grown by the middle of June, and in July let themselves' 
down by threads from the crowns of the trees in order to 


a h e d 



lOS. —Oeumflra hrinnala, L. 

(t Male, A Female. c Caterjnllar. tl Pupa. 


pupate; this takes place at the bottom of the trees in a smootlji 
lioie 2 to 8 in. deep in the ground. ^3 

Generation annual. Very widely distributed and eommopi 
? well-known orchard pest* throughout England. 

' 'r. Kflatmn In Vie Fdrest. 

Jv.;' ■ ' 

Tlie caterpillar attacks several broadleaved trees, especiallf' 
-^ehard trees, the oak, hornbeam and lime; to the former, 
t^pecially to apple and pear trees, it is most destructive, tho 
^^it-erop being weakened or destroyed. When young, thft; 
“l^^illar bores into buds through the side, and later attaol»| 
and leavesr.as well as the green shoots and jcuM 
finite;, Ilt' oontiuu^ to Spih dm-ing these attacks, and 
^ftorbed will let ttai 
thr^*,. After 


>H down and idimb back again to the 
destro^^ tlie foliage of stamdiwdk .ov| 



if! irHl'attack the 'underwood up to the middle 
^^une, and great damage is thus done at times. 


d. PruMive llulns. 

Protect enemies. * 

OreaK-ltandu should be applied to the trees in the middle of 
October in order to catch the S moths on their way up the 
trunks. The trees are usually encircled with pajier strips 4 in. 
broad, bound to the tree by string alwve and below, and thd 
tar or composition is painted on to the pajier, the lower part of 
which being bent upwards to prevent the composition from 
trickling down.* These bands catch many other insects which 
are destructive to orchard trees, such as the apple-blossom 
weevil, Anthonomus pomorum, L., and the codiin moth^ 
Carpncapga jxniioni lh, L. Tlie caterpillars of the last specie 
creep under the paper to pupate. 

The jrractico of spraying* with arsenical washes before 
flowering, or after the blossom is set, is a valuable method of 
treatment. = 

Other species of Gcomelridne, which emerge in the winter 
mouths, and the females of which are apterous, such as , 
Jliheniia drfoUaria, L., etc., may he dealt with when injurious/ 
^ the same manner. 

Tlij pupae may be destroyed in orchards from July 
September by trenching the ground a foot deep below th^J 
trees, and stamping it firm. 


Famiw VI.— Tobieicidae (Leaf-rowikb Moths). 

, I)e»cri]ition of Family. 

Motht with somewhat short, filiform, or bristle-like antenna^s 
■with a thick basal joint; 2 ocelli. Wings rhomboidal, th«^ 
anterior pair usually bright-coloured, roof-shaped in repose (s 
frenulum prmnt. 

Qeneralion usually annual. 

j CaterpUlgrt with a few short hairs oil UtUe J with 1^| 
fprolegs; usually with a horny shield oastbe proMoracic s^ 
;meut and a.bomy anal flap. Very active, and strong spinneB^ 
^ 4Mid rf 



ili’a Mopon eitlier above or in the gi'fihhdr" 
J|0i’rowa of spines on their backs. The caterpillars attack 
bttds or shoots, the fruits and seeds, or the needles or{i 
■sves of broadlaaved or coniferous trees. The characteristks''; 
ailing up of leaves is only practised on broadleaved siwcies.; 
rifuny insects injurious to forests are included in this family. 


1 . HaUnn chliimiin, L. {(liven Wiltinv Ltaj'-Hnller). 


a. /lexcrliilinn. 

Moth with wing expansion of 20 luin.; fore-wings and 
thorax light green, (be former witli awbitisb anterior border; 
head, hind-wings and abdomen white, the latter sprinkled with 
greenish-grey scales. 

(.'’alerpilhir 15 mm. long, with 10 legs, of a dirty tlesb-colour, 
«itU a dark dorsal stripe, and a few bristles. Pupa light 
hrown, with roumlod head and Smooth liinder extremity. 


i. J.ifr-liislorii, elf. 

• The eggs arc laid in April and May on the terminal buds of 
^Oung willows, esjiecially on Saliv riminalin, L. The solitary 
Caterpillar hinders the develoiuuent of these buds in May,^ 
atwniug up the terminal leaves into a bundle which is bent 
towards one side of the shoot in which it lives; it feedS from 
^ay till July, not only on the leax'es, but on the tender young 
’hoots of the osiers. The lengthening of the osiers is thus 
hndered almost im}>ossib]e, and a straggling production of 
“‘Hu-BhiBots results. In July the larvae pujrate on leaves or 
'hoots, in white l)oat-shapi>d cocoons. The moth* appears 14 f 
-**ty8 after pupation. iNeillier Hess nor Judeich are clear 
'.bout the snhseyuent life-history, hut as o.siers are cut down 
Decemliet, there is probably a second generation, eggs being 
in July, pupation in September and the pupae hibernating 
i^^ie ground. 


e. jPtufefft’# SuUt. 

^' Cut off the shoots containing the caterpillars, In May and: 
and again in August: ; JSaeh handle contains only oud^; 



St riridana, L. {0«fe Lcaf-r^^), 

a. Ili’soriiilhH. 

Moth with wing-expansion of 18 to 22 miu.; fore-wingsj 
nniformly light green, and hind-wings light grey; whitish*' 
fringes to all tho wings. 

Caterp'Mar 15 nmi. long, with 10 prolegs, at first greoiiish 
groy, afterwards dull green, with lieud and anal flap black, 
with warts on the bark. 7’«p(i 11 inin. long, slender iiii4 
black. 

u 





Ki'.'. I.. 

»/ /» ('jit* ij*ill;ir Mi'iK'nil'-fi l'\ it thftit'l. r }Ni|w. 


Ik fjO'-hifilorj/. 

Tlio inoUi flies during dayliflie at the end of .June and ' 
tho beginning of July. The eggs are laid singly or in little 
clusters on the already bitten buds of the oak, and pass the 
winter there. The eaterpillers appear in Ajiril and May, and, as 
pupation approaches, spin threads by whieli they let themselves 
up and down from the branches; they pupate usually at the 
beginning of June, on the twigs of the trees which hawtj;i 
been attacked, generally in the upper leaves, which they to® 
together, in bark-crusks. 

Gffieratioh %inual. Everywhere tolerably common, anq 
Bometilnes present in euonnous numbers. Very 






ilT0r*O»k tret's stiipped ol iolisge in Windaor la T, nViitosnVii 

»f*h to l«U leaf. Pliotol^r W.F. fOTfe. 


*!«% tall poles aod matnre trees, 'fhe SiKks of tli«| 
Is^llar, involve the. buds, leaves and inflorescence, a^ 




































Wossonts and acoma for the yeaiR^ 
ft sericiaBly 'oohipromieied, and soinetimefi the former ig 
lompletely ^slroyed, and may tlion he restored 
jy LammaS'SliOots. \ 

In coppice-with-standards oak standards and ^ ■ 

indcrwood only are attacked. The attacks of ■ 

his moth are very'peraistent, haviiif! lasled for f , 

I years, in the Steigerwald from 18(i!( 7tt. and I 4; 

n Windsor Forest durin<' 1890 -91. Y • j 


d. ProlMlim JIA 

Brotection of enemies: stnrlint's, rooks, jack- 
laws, etc. Hardly any remedial measmes can M 
le tried in forests. The eatcrpiflars of the ! 

Dunbar moth, Comia (rajwziiia, which arc cur- !a|MB 1 
livoroiis, aro useful in clearing? off their attack, ^ ■ 

IS well as that of the winter moth. This Noctiiid . 

noth has a spread of wing of about ilO nuu.; the 
;or(!-wingH are variously marked withj|)a1e grey, 
rust-coloiir. or brown, with transverse dark and ’/¥ 
pale lines, the hinder wings grcyiali - brown. VjL ,, 

fbe y lays her eggs ebieffy on oak. The cater- , 

pillars are pale dull-green, apple-green beneath, ! 

.nid have 5 imle whitish or yellowish longi-' 
tudinal stripes, and numerous small black warts, tuk-icnf 

each surrounded by a white ring, eight to a roileilupby 

segment, arranged transversely on the first throe pn'Lri7l(h« 

segments behind the h(‘ad, and in a wpiaro of oak-tortrik, 

ionr, with two below on each side on the (A'uiomj 

■succeeding segments. 

; 1‘impla neanka, Grav., is the commonest ichiioumon-wasp 
.that attacks the oak leaf-roller. 


'.■ ,8. torti'Ls (Ihliitki) budiana, Schiff. {Pine-dioot Tortris).*' 


V Moth wilh'^fng-expansion of 19 to 22 ram.; fore-wingj 
liarrow, reddishryellow, traversed by ^7 broad, wavy y-shajifet 




hind-wings dark grey; both pairs 
^rey fringes. Thorax orange, abdomen grey. 
pCalerpUkT 14 mm. long, with 10 px'olegs, bright brown an® 
!-oooth, the head and first segment black. 

.? Pujia yellowish-brown, with a row of fine prickles on the back,; 
6 ? the abdomen. 

!;■; h. Ufe-hiKhri/. 

•|;S!he moth appears from the end of June till the end of July. 
I^Daring the day it sits somewhat concealed amongst the pine 
titles, its colour assimihiling with the withered pine shoots, 
hut it hecomea active with the approach of twilight. The eggs 
ire laid among the terminal huds of young Scots pine plants. 
The caterpillars hatch out at the end of August and in 



bmltuiKt, Scbifi. 
rt luw^o. // I.arva. c I’uya. 

.;;Septemher, they hibernate in the buds, liecoming full grown in 
■jhe following May. 

Pupation takes place at the end of May or June, at the base’ 
"%'tbe injured shoot. The pupa is exposed, and the empty 
•ijinpal ease may l>o seen for some time on the shoot. 

The moth emerges 4 weeks later. 

PpOriifnitinn annual. The insect is common and widely 
■^tribated wherever Scots pine trees are grown in Europe. 

C. Seto/ww* /0 lAe Fmd. '' ' 

Bie Scots pine and occasionally the 'Weymouth, black anil 
kter pines are attacked. r , 

The insect exclusively attacks young grow®, and prefer# 
^irly 0- ’to' 12-year-old plmnts on poor soil and in 8anB| 


jr JCfie is made by the fevaboriti^'into buds and sbootii^f 

- Jbiie in the sommer the buds, j>articularly the terminal buds,' 
^«te slightly gnawed at their base, so that turpentine exudt».^ 
the following spring, ns soon as the plant l)egins to shool 
the caterinllar Ixtres right through, the pith of the youBji 
?;(flioot8. Shoots eaten on one side Iweome curved as in th^ 



.(t'Jilg. 173.— sboirlog difftortimi aftrr .unt(<(i«dent injury by T . hvoUnwt _ 
''h}. Schiff. Alar¥algall«ry hi Mjpofied in tlio bw>keu [Natymlii£4.} , 




ySgure, and if no further injury,is done, will recover their 
i^tit'al position, but the perforated shoots dry ap, turn brom 
%iad fall off. After destroying the terminal shoot, the lain^ 
rpreote its attention to thp side shoots; it sometime 
:^veral together, and passes from one to another. The attoei^ 
be distingukbed from that of the pine beetle by tii# 
'^^umbling excrement, found in the borings. 


^sSei^Wlf lftveloji''® all Bides of the poM of ISacl:, ^ 
resulting loss of increment m considerable, as freqaentl| 
he pest recurs year after year. 

d. ProtKlin Kulet. 

: protection of birds, titmice, etc. 
r. Careful planting and rearing of plantations of vigoroiai 
™b 8 , without undue crowding. ' 

ifj'he.shoots which are attacked may be broken oS’on^ 
iuhiled, from tlie middle of May to the end of June. Thi^ 
^an is advisable only on small areas and at the coinmene^,! 
ment of the attack. If made late, it destroys numerocii 
parasitic enemies of the caterpillars. ■. , 5 

Eemoval of all misshapen stems at the first thinning, till! 
which time they are spared to help to cover the ground. 


4. Torlrix (lUlink) tiirivnaiia, lib. 

//. Itfstrifitioii, 

Jlfotft with a wing-expanse of 16—18 mm.; fore-wings,' 
■f|i>rown-groy, ocbreoiiH towards the tip, ryith leaden-grey trans- 
jverse wavy lines; hind-wings whitish, the tip greyish (d‘) 01 ^ 
^reous (?). Head and thorax ochreous; abdomen gre|l 
t Lana 10 mm. long, witli 16 legs; light brown, with bla^ 
^d and thoracic shield. 

♦. iife-1mt<iry, etc. 

5*. The eggs are laid in May or June singly on the middle budi 
if tire whorls of the stem of young Scots pines (usually 6 — 
iearB old). The caterpil|ar bores as a rule into the middl| 
^d, and hollows out the pith-canal in the course of tl^ 
.^miiier.> The 'shoot is checked from the commencement <4 
■Si growth and takes on a Waokish-grey colour; eventually ll 
and the lateral huds, which are seldom attacked, becot^ 
Ifnormally large. 

'^P^tpation takes place in the fohpwihg year (at the endo! Apii 
ia May) in.ttie hollowed bui, wMch is spun ov?^ ,withl 
iffn vr^ .and the moth emerges at the end of May 




pine, Will as the tVeymbiith pine ahS' Pf«W| 
$ind-ero^ Doagl., are liable to, attack. The insect is less 
jwmmon than tihe preceding. 

e. Hmedial Mmures. 

The injured buds, which can 
i* recognised by their small 
|ize and dark colour, should be 
but off towards the end of April. 

I, Tortrix {lletiriia) retinella, It. 

* a. D»»cri)>tmn. 

\ Moth with a wing-expanse of 
1C to 18 mm.; fore-wings slaty- 
grey with numerous shining 
leaden - grey transverse lines 
forked on the fore-margin; 
hind - wings grey - hrown ; the 
fringes pale. Body slaty-grey. 

CaterpUiur 11 mm. or more 
in length,, with 1C legs, orange- 
brown, with brownish-red head 
and thoracic shield. 

It. TAft-kiakry. 

The eggs are laid in May and 
fane, just under the whorl of 
buds of the recently - grown 
shoots of young pines, usually 
on the lateral, shoots. The 
caterpillar bores into the pith 
and thus causes the growth of , 

it hollow gall-like resinous massf^as large as a pea, in 'which 
passes the winter- In the spring it continues feeding, causing: 
^e gall to increase to the sise of a cherry or of a smai^ 
Jralnut, and form a swelling on the underside of the shool; 
which wicirete two-thirds of it. On section the gall is seerf 
ip be divided inpai two cOmpartmei^s by^ strong vertica|| 



"/n 

w. nr.—Et»in-(5«II of T. 

I.., <10 a piuo abootii 

(Stitavl njf.) ‘f 



the thir^year); tbeBumuci uueuum^autB 

xerement 

.?'fhe moth flies ahont May; the generation extenfling ovei 
so years. As a rule the pine recovers its injuries; but in jm 
^tovonrahle situation or after bad weather the attacked ahoofe 

common in a few localities 
1 ) Bcotland and in Windsor Forest. 

. Hie treatment consists in the destruction of the galls daring 
m second winter, and in cutting off affected shoots. 


(i. Torlrix rufimitram, H.-Sch. 

■fl. JMscripli/in. 

rjl/o/A with wing-expansion of 12-16 mm.; fire-wings dark 
greyish-brown, with lead-coloumi wavy lines at their base a 
psty yellow median hand with a lead-coloured border, and a 
chuud daidi sjiot on a rusty yellow patch near the corner of the 
wings; hind-wings brownish grey, with grey fringes; thorax 
rusty yellow near tlie head, abdomen browniah-grey. 

. Cat,■,-pillar 10 mm. long, with 10 prolegs, of a dull yellowish- 
^een above and yellow below, with reddi.sli-brown head. 
P»i>o 6 mill, long, bright brown. 


, b- ' 

|Th_e moth flies from June tUl the end of July, sometinw 
^ in May. The eggs lifee laid on silver-fir needles, where 
remain during the winter. 

4 Jfhe caterpillars Iwtbh in the eueceeding spring, end when 
ally grown p the end of June, let themselves down by threads; 
■nfl puimte m the soil-eirerinK in- a cocoon made of silk and 
^iOf earth. The moth appears 2 to 8 weeks later. Gentr 0 *, 

' f. Rrkltm- k ih Jkmt. 

: tPhe cstwpillar, commencing operatioBS as the young snooiip 
u» May or the beghming of June, eats the needles enl^ 
onngwt shoots of Uie silver-fir. It devours the yoo“^*^ 
levies, bites off Ae older ones at their base and gnaws 



ail&ltSir Tue insect preiers woods oi eu to lOO yeafl^ 
)!d, but Aen the moth apneai'S in swerms, younger wood 
iieo attwled. The edges of the crowns of the trees become J 
leddish, and after attacks repeated for several yeats the treea| 
become stag-beaded, the topmost branches being as bare tm 
irooms, and die. There have been several severe attacks 
Sennany on silver-fir by this moth since 1876, and in 1879^1 
1,800 acres of forest were ravaged in Nagoldthal. and the attacks 
spread to the surrounding districts. 

d. ProMim 

Mixture of other species with thftsilver-fir, and clean vtood 
craft. 

Protection of eneuims: titmice, the wren, etc. 


*. linfletlMl ilemnren. 

Smoking out the caterpillars by burning green hrancheH ii 
lamp weaftier. This is done in May, by Uiinning allectei 
woods and collecting hrauches from tree.s and poles felled 
which are burned in heaps after taking necessary precautions 
In damp weather the smoke penetrates the leaf-cancq^ 
and causes numbers of larvae to falh which are swept into 
lire. This was done by Forstraeister Koch, with exceU^ 
results, near Karlsbad. | 

.4dmission of pigs to the forest as soon as the cocoods ate || 
the soil covering, during the first lialf o||jrttne. - 

^ Baking-up and removing the soil-covering whilst the pup 
|re there. 

: FetUno trees which are badly attacked. 


Toritix Zll 

a, 

f, ilotk m&i Vtiig-expaiision of 18 to 22 mm.} fore-wings long,^ 
strongly sinuate inner border, bright ashy-grey, wi^ 
^merons dirk hrom wavy stripes; hi^^yrhigs soraewhaM 
of a i^ora Iswwn or both pw« 
























A'/'roiWfiw mm. 

Prota^m of birds. 

Smol^g out as described for the preceding species. 

Family VII.—Tinbidab. 

■ Tktcriplhn of Family. 

Imayoi with long filiform or setaceous anlenmn, seldore^ 
setinato! ocelli usually present; wings long and narrows 
Msually iMinted, and, especially the hind-wings, characterised; 
by long fringes, during repose either root-sha|)ed or folded over’ 
the body; frenulum present; legs stoutly spurred. 
annual. . , 'M 

Catayillara slightly hairy, usually with 10 prolegs. A 
species have oidy 0 to 8 prolegs, and those reduced iu sise (letilj 
ininers). s 

Pupation usually in a cocoon. J’lipoc with a thin hairiest 
skin, rarely with spines on the abdominal soginenlil, but cha¬ 
racterised by the elongate wing-cases which reach almost to 
the ape# of the abdomen. 

The caterpillars generally live in rolled-up leaves, or.ifl 
shoots, flowers, fruits, seeds, etc* Many species are le«| 
.miners, living on the parenchyma If leaves, Iwtweon the uppiii 
knd lower epidermis; Others bore into the pith, wood, 

'or "buds. Pew of them, however, are important anemiei!(^^ 
, the forest, 


1 . Tinea {Ilyponomeufa) variaiiUt, ZelL 
a. Dmor^lim., 

Afflth with wing-expanse of 18 to 20 mm.: fore-wings white 
fpnded .witjji brownish grey oh the anterior border, with'Jf 
jre^gula# lonptudinal rows of black; spots, and a group 
thaller spots along the , outer Hidic|Rn ; bind-wings 
yey. } binges pjde-grey or whitish- 
' CaterpUkr 18 mm, long, with 16 Ihgs, y^^ish-grejr, mar^ 
ath round black ^ isd ^ratde sh^ 




firUlft-liAtkiif', ; 

at' the end of 7nne afid in lalj oh hn^S 
oi underwood. The larvae do not hatch till tl# sprinj^ 
;.|ien they attack hods, leaves and blossoms imder the protec-^ 
, of a conspicuous gauzy web, which they spin in common I 
-^sr the ends of the hranehesr 

fi'\Tbe ehief food-plants are the plnm and apple trees, tne^ 
^■iiiui'fciin-ash and especially the hawthorn. This"oaterpiHard 
-■SB also committed great ravages among willows in Hungary.';?! 
Ji/is very common in the lirilisli Isles, and often completely 4 
Jefoliatos iiawthorn trees and hedge-rows in the open spaces 4 
bf London. Pupation takes place on the liranchesor trunk in ; 
June or July in a white cocoon. 


r. llmeM UtiMO'm. 


Cutting-off and destruction of the caterpillar-webs at tii» 
'w^miing of June. Destruction of the moths (July), which 
i-'ten sit in conspicuous groups at a moderate height on the/ 
(funks. . 

i' 'Where defoliation is an eyesore, as in public parks, ttie trees 
be oaretully sjnayed witli a weak arsenical mi/turo or 
.^'tinged with a stronger jet of plain water or soap-mixture. 

' Other species of .IVac^^^.g. T. }}atli, Zell., on the gean 
.PruMiM pailiw, L.) and Frani/vla, L .—are closely 

filed in apt^aranee and habits. 




Tiim euftiteUtt, Doti. [Anh-tmg Mulh). 

,, >, a. Vmriptimi, 

,::^M;wifl» ,« '»iMg"e!fpan 8 eof 16 mm.; fore-wings, head and 
thorax white; the former 
with a laiige triangular dark-; 
grey blotch on tlie ahterioi 
■ 1 ,^ Y ' teargin and with the bm 

'?i . V and outer.., mar^ 

■' wifli blsoti^ marks; hlnd| 
, abdomen 

', hifown, '&e latter lighter'^ 
fW 8®8 grey-hroin. 4 !‘| 



S Skiatott fea iam is greenish, marbled wi& 
jeddish-bivwii.) ; 

Pujia yelioW'brown, glossy, in a nest cocoon, 
■^inted at each end and of a silken lustre, 
■fidnstructed away from the larval feeding-place. 

Jb. hifi-lml/fr!/. 

1,, The flies in June and lays its eggs on 
the leaves of ash, which are mined in July by 
vlihe newly-hatched larva. The/urrar pupate early 

■ in August on the ground among dead leaves, 
iAfter eight days’ pupation, the moth appears in 
■the middle of August and lays eggs on the leaves. 
(iaieratum double. In the autumn, when the 

■ leaves turn yellow and fall, the caUiyiUw, wliicli 
is still very small, after mining tlio leaves till 

■ near leaf-fall, bores into Wie sheathing scales of the 
terminal buds; here it moults and excavates a 
hole in which to hibernate. Its presence is indi-’ 
caterl by the fine pow der ■visible in the entrance- 
■huirow. As soon .as the buds begin to swell in 
..the ensuing spring, the cateri)illar begins to feed 
.lou the buds, and reaches maturity about May. 
^jlhe injured Imd is incapable of development and 
•% outstripped in gi'owth by the next uninjured 
talipot, causing the ends of the branches to become 



mg: 17?.- 
- t«j, 
intiabik' 
by larTMtyi 
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i»oth.. '<■ 
u 

excmciaflg 


;lorked. The larvae then generally attack the leaves agsail 


5 !^d puputv at the end of May, the pupa being attached 1^ 
7® thread to a twig. Chiefly young plants and saplings of 
7^i^ked. The summer attack is harmless; hut the spritti 
causes'^'l^ng-.,7 '.‘li 

wheiwver 8t4i.'i8'|pro!w^y;| 





., “■ ^ripimt. . ' 

^ « i with wing-expansion of 9 to ii ■ - ■• - 

^ 

^iBtles, opg. nanow, ckrk brown, with fTA{| 

i' fi,. , ''• MP-hmlnri/. 

«« yellow eggB on healthy larch.; 



*A f I 

' —f—' r »/ 

efifrs Wome Brey.°”*’ ^After 6 to 8 deye' 
1 The caterpillars hatch in T„„ ‘ i - 

feptember. They hibernate Ir 
wpal stage is passed from the middle f ■“ “ 

gUjfjnal Vai»^ 




1'r.' 








. uar/ai MOD as it has emerged from Ihl 
':gg; bores into the young larch-needles to about half their 
; 3 iigth, so that their upper ends shrivel up and turn yellow, as 
7 injured by. frost. The attack usually commences on the 
lower branches and proceeds upwards, the top of the tree 
being epared in moderate attacks. 

The appearance, of a plant which 
bears a large number of infested 
needles is very conspicuous and 
sharacteristic. 

In September the fully grown 
caterpillar pre^iares a little case nut 
of the dry part of the needle, which 
it cuts' off for the purpose, and in 
this it hibernates on the twigs, 
usually at their tip», or in bark- 
cracks, or among lichens on the 
stems. ^ 

■ In the spring the caterpillar, carry¬ 
ing its ease with it, bores again about 
half-way into a larch needle, and 
about the middle of April finding its 
bid case too small, it fastens it along 
the freshly hollowed-out needle, like 
two fingers of a glove. It then cuts 
k)at the adjacent walls of its old case 
^id of the needle, thus preparing a 
<Bew ease’ twice as wide as the 
‘former. This tronblesome work oceu- 
jies .several days, during which an 
'^erver might imagine that there 
l^.ae OB a u^te-' 'Wbea . 



Kig. 179. -; 
jureS lij C. laruvUttf Htai 
{Sutwiil tile.) 

a l..arval h SpinniW 

csterpUIttn, t ItoUvw* 
and twtoted aasdlos. 



■swtrm 

b ,^_e'wester^ .^dera ofwO 





rewntiy Iwoiari'ftggBi'l 
|i>ea«minyrirS0^ « wdigenous. It somettnj 

gwaThtSnel* rel2 fr^r '^“semmation,; 

-|>^ localities, is the kmlfT””® '« the 

^ies this insect 1 always-accom. ; 

,|j.ci«mflnt is consMemhieiowinVtttZ ^'>88 O^r 

.oft the spring, so that trees are eft.e ^ ‘’®®t’'actiou of needlet;'; 
^teks that they die. weakened by repeated 

, I’fulfttivf. Kttles. 

*^‘“‘””"'“‘'""-«'ioll.«m.Jlbirt,. 

«. I'emedml Mtmum. 
ntntng the lower branches of lamt. * 

■sect usually appears, ^ ^ ^'hieh the 

^dle of June tiJme“en?^An“t8t''*^{hr^ t^'^'U 
eedles of these trees will not th® i ®a‘e^P*Uars in the^ 

^ little cases i 

■•>ng the winter and sjH-ing but this nl» ^“t^ye^S 

5^ nuraeriM only, • ' 1* ** ®en be followed itt| 




CHAPTER VIIL 


DBSTOTCTIVB mBBCTS {cOHclude(t). 

A. Symenoptera. 

Family I.—TENTHRBmuiDAB (Sawfues). 

Deteription of Family, 

Sawplibs have straight,, usually filiform or 
antennae, rarely club-shaped, occasionally serrate, or in >4| 
doubly pectinate, and with 3 to 30 joints; 3 ocelli; prothor^ 
usually very short; wings with lull complement of veins, t|^ 
fore-wings with 1 or 2 radial and 8 or 4 cubital cells. * 
Legs with a double trochanter; the anterior tibiae wi%i 
two apical spines; tarsal joints often furnished below wi(i| 
membranous expansions, sometimes cup-shaped. 

Abdomen sessile, of 8 segments; in 9 with protnuil 
serrate ovipositor. 

(ieneration usually double, sometimes treble, but in 
cocoon-spinning sawflies it may be plurennial. ■ 

%nnKte usually bright-coloured, with 8 or 18 to 22 
resembling caterpillars but distinguishable usually by tfi 
greater number of legs imd by a conspicuous simple eye di| 
j^h side of the head-; they are social, and after 6 to I 
ffiOTltings spin a firm cocoon which is of .oval or oblcmg-ov 
pm and often parchment-like in consistency. 

" Pupation takes place in the cocoon abdut 2 weeks before ^ 
awfly emo^^j The pupae are w^and encashma I 
iftap^ eocQoni';\ , 

t ^ The larvae feed on needles and leaves; they Me of tail 
bhep young, and when disturbed assume a charaCteris 
S'Kke attitude. The perfect insects usually teed on honejq 
eome species (Ctmbewj girdle yopngheeoh-shoots probably iji 
'.snwies *»„*«» des'troetive ,--/M 




ijophynu jnm, it iPim 
fl. DeKcrftm, . 

Male with a.wing-expansion of 15—16 'oyoy 
eloinen reddish at apex, spotted with white on the tmdeiiiw 
the first segment; antennae doubly peetiMte; hmd-wingii 
th a dark border. ! a 

fFewwis with a wing-expansion of 18—20 mm. ; body dnll« 
ilow, with the head, 8 spots on the thorax, and middli^ 


i 



180 .—Lophyrue piHi, 1<. 
a Malo. b Femalt*. 


‘ the broad abdomen alone blackish; wings yellowish, slightly 
-foscate along the outer margins. 

■'Ijegs yellow in both se-xes. 

Kljari'a 26 mm. long, with 22 legs, changing colour as it 
SiomfiB older, finally of a dull giw, with oblique rows of 


•tie rngosities and a round brown hdad, and black semicolon^j 
l^ped marks above the prolegs. ‘ 

endosed in a 10 uim. long, leathery^ and usually 


®5w}t,cocoon. 


fi. Life-hutory. 

adtiffiy Appears in April and May, ahl apin at the 
I'^y and in August. Only the 3 appears to fly.' 
awh .moi-e numerous $ creep laaily along the twigs- 
eedlesir The S in April and early to May cnts slits ^ 
i^tl) imto needles wito her tow-like ovippsitoy^. i^ 



sue seals up eacn egg wjp 


to .3 weeks later, in May and June, and 
^bse- ol tlie seeond, brood in August and September, 'fl^^ 
|:eqnentiy mOult, the empty skins hanging on the needles, 
The second brood hibernate in cocoons under moss, or oc 
etems or twigB. There is not, however, always a secoiM 
brood, and the larvae pf the first brood may then hibernati| 
Tapation takes pbsce at the beginning of July* in a conjpw}! 
brown cocoon, among the needles, or in bark-cracks on,,thl 
stems of the pine. The 
seeond brood pupate in 
March or April in cocoons k . 

under moss at the toot of \ ^ i 

the tree they have attacked, v \ 

The. sawjlk's of the first II j \ / 

’brood appear a* the end of \ a / ) / ^ 

July or early in August, / /V ' 

about 2 to 8 weeks after ^ 

pupation. The insect when X 
ready tor flight cuts a cir- ^ 

,bular ,lid off the cocoon. 

0 an ichneumon fly should 

“emerge instead of the saw- p 

a Httle hole appears at ' , 

end of the cocoon (G) *'‘s- wiih imw l 

:|n8tead of the did. The, y;^ 

second brood usually emerge in April, but sometimes not 
;^uly, when the sawliies bf the two broods become interming^ 
double,,hat fceguently lasting over a year. 
^ses it, has lasted for 2 to 3 years. The insect is vb^ 
op ths hpntineht of Europe and in the British Isl^^; 
li' The naJ^te^j^ iMe susceptible to cold and wet weather, 

' ft JUtaHoiM to Fomi. 


' ■ The larvae attack the Scots pine, and prefer sickly pole 
~^re the leai-eano^ has been InterrupW, 20 to 80 year 

J JtwVig sl*lei Wwt oooooBs- ijnm uufler mo«« are dSU brifwn, ni’ 

wkStaOT jvBoWisb. Evea <!l(a>B,wt!^ 



J'ffiroS’mli ia •!* > ■tmj 

ls&” a »■ "P *“«“«• »■" 

4o to 80 and more When young they nidrely gnaw t« 
dxroB of the needles; later on they eat them in short a^jl 
'4llel to the mid-rih, which they leave intact. An atUwlt4 

/a 




I 



Jtg, 1«S.—a rowKfflS «f 
. tbe Pine »“ 

pine V»rl!. 


Fig, 1S3.—2 empty comioiie 
Pine *a»'fly on on oalt-lw4S 
' upper one Fas lost ttie UtU 


the pine sawfly may he at once recognised hy . tbe, remainn^ 
i^wiah, thread-like rod-ribs needl^ 

'brood rtiUfly devour l-year-hld ne^es, a^d 
ist^d brood those of the current year.- The larvae dso 
l^ eoft youhg bark in patche^often doro to to ^ 
<ii4er tobrowns of larger poles are stripped, 



front''part of''their bodiesin 

T^'f',' ’ ■■' ■' ' t'" '<“ ; ' ■ ' ' 

1^, , d, J^M^e Riiles. t\' j j < 

i i Maintenance of healthy Wit 

^11 - stocked Scots pine I / 

„oods, BO that the soil may Way j|^ 

itot I>e impovemhed. \ 

-f ii.. Protection of enemies: \ 

cuckoo, starling, crow.^oat- ■ ‘ / 

,packer, swallows, etc. Mice J // 

and squirrels open the Jf 

.cocoons during the winter, dU 

and devour many larvae. xnHft jig 

Even the badger and fox 
eat the larvae and pupae. 

Many* parasitic ichneu- v 

mon wasps and Dipura ^ y 

attack the larvae. So do I 

spiders, o.j/., Sh-utoda si»p- 4 

A ’c. Remedial Jleastim. \ / , 

i. Collection of larvae by V 

Gripping or shaking them ‘ 

-i^ia the trees ra to clotlis 
:^n^ad on the ground, in 
;sec\-and June, and again i j 

isJnli^teniber and Oetdber. ^ 

'^li^luan shaking the trees, pjg. iM,_i>nie-«h«it it%9«*dto «»tsH 
^O. boys to collect .the , ; ■ 

■|[wae, 'Seax’fifteen 25; 

^ear-qiM tre^ before 9 a,m., arid Such work is m^t efBcacio^ 
the mdrhing when the larvae are ^ghtly torpid. , 

CbUehtion (rf cocoons tmler the moss in winter. The| 
be found generally ,n«to; the base of ttie attacked trw 
somefeneaM masses ^ lar^ as the fist ^ 

pigs to S^t«iihw apd October, when ^ 


Fig. 184.—I’lie-nhoot wUli^to « 
% i. jaw, Jtf «'«.); 



pig's ' 


aowti' to hibernate:'' i-t,- —- -: ; 

’5^i,’^hieh are too tough for their taste, but crueh a 

^i'ftawlts emearea with tar may be put up to catch 
p&m, the tarred sides being turned towards the sun, ai^ 

^ tar renewed from time to time. 

V. Mixture of iiuicklime with the litter and then watering ^ 
lie heat thus engendered kills the larvae and pupae that ^ 
> the litter, and preserves the latter for the forest. Th^ 
':medy was tried with success on 6 acres of 12—16 

plantation with heather undergrowth, and cost 12*|| 

i acre. , „ n 

• vi. If no other remedy should be found effective, th^ 
imaged wood must be out down, and the roots grubbed up> 
te in the summer or winter; branches may he spread on thOj. 
oU and burned before grubbing up the roots, and one orj 
WO field-crops harvested before the land be restocked with,; 

^Sveral other species of U^hyrm of generally similar habig 
•'^ attack Scots pine. Miss Urmerod* stales that much. 
;(5ury was done in ISW to three or four thousand acres of 
eimg Scots pino in Argyleshire by C. mfm, Klug, the laiwae 
•t which are dull greenish-grey, with black heads, fhe flies 
‘^red in August only, and the S are reddish and the ^ 
both sexes have red legs. , , •= 

fc/flants 2 to C feet high were more subpot to attack tn^ 
'%«: ffioes. In Germany the sawflies appear in May, and th| 
i^y-*-July, to attack trees of all ages, but to prefer tli^ 
iff years old, and one-year-oH needles. It attacks th| 
S^laiah well as the Scots pine, and appears to hm 
It is not so common as L- 

'■iicmld be treaW eimilarly. ; ^ ^ 

I ;fhe larvae Ot various specif of Nemaiia (witii Id prol^ 
4sd iyifa (il prolegs) also attack spruce, larch, and pi^ 

IJ'a-Wiwh, HTtg., ha8 been'v^;de8teuctive to jouog 

lii Cumberland in 19(». larvae may be recognise^ 
grey eotow, with a darker jnediuat aone. i*" 

"^g,, .attacks iMchV are jgr^*; 




(WOOB-WASM) 

Pw»7/)*io« of Family. 

Straight filiform or seta^us aBi^imaej 
always shorter than the body, and with 11 to 30 joints; 3 lai^ 
£^lli; body Uhg and cylindrical; wings eiii^ale with 
jdete venation. Legs with double trochanter, anterior tibie^ 
with a single apical spine. Abdomen sessile, with 9 segments'J 
ovipositor elongate, projecting beyond the end of the abdomha^ 
and consisting of two lateral sheaths and a strongly serra^ 
median borer. '* 

;; Gemruliim lasting nt least two years. Lairuc cylindric^ 
eoft, and whitish, with 0 legs, and a spine nt the rou&d^ 
posterior extremity. Piqiae soft and while. . 

The larvae live chiefly in coniferous wood, in which ^ 
perfect insects lay eggs with their long ovipositors. PupatioQ 
also takes ^ilaco in the wood, and the wood-wasp emerges ^ 
a.circular bole. 


1. Sirex jiici'iictia, L. {Sieel-hliie Wood-n‘as]>). 
a, I>cserii>tioii. 

The insect attains a length of 12—30 mm. (d ) and, iiicludii^ 
vyipositor, 10—3(r mm. ( S ); thorax and abdomen steel-Uu^i 
the latter in the 6 with the 4th to tlie7lh segment inolusiy^ 
jtellowish red; in £ the steel-blue grouud-uoiour of 
aiidonieu is iridescent, with a coppery sheen. 
yellowish, with brown margins. Legs cliiefly rcddisfif-ybU^ 
•ivipositor shorter than the abdomen. iMi ra up to 
ibng, with 6 very small feet, white. 

b, lAfe-hialory, ek. 

S in Jply bores the bark of - the Scots pine'MsuaUy , ® 
in pole*woods, down to^tbe sapwood, and lays'an egg 
h(fie> The larva eats oht in the wood a Curved 
^ circular lection; at first it lives in the softer layers of 
^^wood, but after the first llibemation it botes deeper in- 
living on the resinous ahd htarcby matters in tiM 
the dost of'which it packs behind it, 
a lecond hibernation, in the early summer of the 8i# 




ft' Sirtx itimatt, ‘ (iW^S •»«, 
'"« tarvi burrotre paray HUfid wift bb^'-iimt js. y 0ireii!«'8isW'4olaj \ 


the fourth of e® inch in Ifotteter. Jhe gm^^tion laii| 
'^ leMt two years, ati^ gom^imes fonpr, we wasps appeari^ 
wood whi^ has^eoa worked up for some t|^. ^ 
;JJh;ii«i»^y it,s(MnettoiMsttek8 spruce;, as'':^)! is 
BicMsh Mes* it haa feeea oh8^ryy;.;o» 















been mju^ by deer, lightninf,:!jK,.Win| 
breeiijtelled in the growing season and atyipjpd 
3i»rk, ^iihy ne'i^'attaok > 

i^tually rotten Wood, or per- ■ 

=^tly soand standing trees. ■ 

^^iss Onnerod relates an in- 
. tanee where, at Workington, , 

.tnmberland, in 1889, 1,700 
1. fe§t ot silver-fir valued at 
were irretrievably ruined. 

4'he damage done is economic^ 

;^t physiological. 



I'Fig. 186.—W'owl-wa*]) in the act 6 
boring, exposed by splitting the w(^ 


Proletiive Units. 

■ Eeinovai of all high stumps and broken wood. Felling a 
•41 weakly or damaged poles ami trees in the thinnings, aij^ 
•apid removal of coniferous timber from the forest. 


2. Sirrx (liyas, L. (Ydluw wood-ivasp). 
a. Dmi iplion, 

; Ibkh/o 20—32 mm. (3) to 46 ram. (J) in length; blai^ 
=i'e8d with a large yellow spot behind the eyes ; abdomen (^| 
4id(|ighryeilow, with the first and last segments black,' 
t'Jjs with the 2 anterior and 3 posterior segments y®ll®^4 
^3 black, with the knees yellow; ovipositor nearly as 
=.„the body. 

■ jiiaWa. like that of the preceding species. 

: h._ b^Uslm'y, 

pairiwnlarly attached to the spruce, bat h 
i»t hilyw ^ Ita haMts are tiie same 

...'.li'vfiai. feUiiilkii and. prefers largj 


adopted -1^ 







'tMt'lWin.*—G toiWDAS 

Deser'qUum of FaiuUy. >*: ' 

S^matiet with straight, filiform antenpaiej *ith 13 to 16 joints^ 
:';^i far hack on the crown of the head. Forewings with orf^g 
Ihi 8 cells, with no stigma, and with 1 radial and 2 to S 
4 Wtal cells. Some species have no wings, or only ahortivffj 
nes. Abdomen pednnenlate, laterally compressed and trun»| 
at apex, much shorter than the wings. $ usually veryi 
•■^U. Larvae usually thick and fleshy, curved, smooth, whiteg 
i»d apodal. Pupae thick-set, smooth, and white. They n<;e -5 
ivided into it groups: True Oalj^i'aiips, Seeondarji Gait-troupe,^ 
nd Parasi/cs. . ',>1 

* 1. Trtu Gall-U'osps. 

The true gall-wasps bore with their ovipositor into leaves^ 
■uds, shoots, fruits and other parts of woody plants, and th^| 
usert one or more eggs in the wound. The egg hatches ini' 
«e time and the larva lives in a chamber formed in a gi^owtiri? 
gall, often of hard or woody consistency, formed by the prov?! 
fferation of the surrounding plant-cells. The growth of ^hji| 
;»I1 is not due to the irritation caused by the mother, but ,t(S 
he stimulus caused by the internally-feeding larva. Gall® 
=V'ay be on roots, bark, buds, leaves, blossoms or fruits. Th^| 
‘jay also contain one larval chamber, or many, the formei^ 
most usual. The insect usually hibernates in the galfi 
arely under dbad leaves. 

I'The oak is attacked by about fifty species of gall-wasp, 

Jto are chiefly found on badly-growing underwood in copp, 
forest. This is probably due to the .4ot that tantt 


¥, Hart,), whleb 


w yofliilg oak plants. The galls* may bo ont <tE 
.jiith a kni!e while they are still young and sofC and if throwi 
away they dry and shrivel, and the mf^gots within perish 
-titmice are very ueefnl in oak nurseries, os they pick tih 
aaggots out of the galls. •' 

t/ It is interesting to know that in many species of gall-fliM 
wingless, hibernating, parthenogenetio generation alway 
alternates with a winged generation ef both sexes. As a) 
■example, the wingless agamic female lorin, Cfinip» apiera, i 
hatched from galls on the roots of the oak, and hibernates h 
(Jie soil, laying in the spring, on the terminal buds of th* 
;,oak, a number of unfertilised eggs. These cause galls on ^ 
^terminal shoots from which the winged forms of both sexri 
iC. termimlin, Fabr., develop. The fertilised J of this ins^ 
;iayB her eggs on the roots of the oak, and from them G. apfer 
' is hatched out, and so forth, t 

2. Secoiuhnj Gall-Waips. 

These are also termed Iiiqiiilmet, or fellow-hidfferSt as thei 
lay eggs in galls made by the true gall-flies, and their larv^ 
«,»i‘e either parasitic on the larvae of the latter, or else mer^ 
tUve with them in the same gall, Synergiu vidgam, 

./ lives in galls of Cynipi folf i, L 


■ 8. Parasitic Gall-wasps. 

The J lay their eggs in other mseets in which their 
e parasitic,; and thus fortn a connecting link with .j® 
fmammidasi AtktHa.*Tyihroeep1wla, Htg. 

^ar^tic oa, Bose aphis. 

fe^s. @v^,a-*ffthhBa>y account, ai'^pie je^iet species 
di-wasps. 

^ aro.'csciett 'b; (ta^j 

psM&iftl in 1901, i 
.tswaoBi' «.nnw 











.'"'i^'i*,,^., ''i^^, are' aU -a&aijkw.' tti 
'^^mtally; tb'ough the. bark,- in wbiol 
tfclfowing April it ekji|s?a^*abort irrfegulA 
1 ., TO cansca the afpearii^, ol apunill^ 
svrellinga H^ie bark and uuderljing wood, at'least 
^e larger stema, 1®eb eventuallj beeoine rongh owipg toll| 
^k^ular detachment dl the bark. Pupation takes place' ii 
*& same appte, and Qie emergence of, i|»f ,|i^,riddles the ^ 
'iwth smMl holfea,'■• ’ '. - v' '''1^ 

f" , This species is sometimes decidedly ^mnioh and inJmSM 
|6 planted willow cuttings. The only Satisfactory treatajj* 
'in the timely ctU&g-off and burning of.tbe infested shp^ 
.^before emergenc^f the gnats, , 

I? The family of Cmdomyiidae also contains the Heasiandro 
detii^lor, Say, one of the greatest of {leats to cereal* oro]^ 
And various species attacking conifers, of which C. kellne^ 
pnsche., gives rise to galls on the buds of larch. Others prd 
jduce galls gn beech leaves ((7./tfflri,*Htg.), and on bitch lea^ 
'^.Midae, Wtg. 


C. Hemipterct 

PamiIiV' L—ApHiniUAf :{P|.iOT-niCK);, 
Description ijf 

with toni^usiially Mifprm or e^tOse a 
iiB';'.Ocelli eith.er abwnt or;? in hmnberj jrdstrum: usji 












IVingleti sienj-mother, yellowish-grm, becoming di 
hen full-grown. Body covered with white wool ,<|i 
wellere bright yellow. 

Winged Ike, aw2‘4 mm. long, with dark head and back am 
ellow undersurface. Sexual inteeU bright yellow. 


b. UMimm to the Foreti 

The galls (in size from that of a cherry to that of a waln^ 
hich, result from their injury are at first soft and gree^ 
j'^ooming later pm’plish-red in pla<fife and finally, when ha^ 
jand dry, brown.. They contain » quantify of tannin. ThdS 
/;::iize is characteristic, as is the that they are tqp^ 
(with a sprig of needles, as long a^f longer .thahi^^ejMi 
Irhis is l^e stunted young shoot. The injured shoptl'^^9 
la characleristic curvature towards the side on whli^ JrhjE^il^ 
‘i&,growing._ The loss of growth may be eonsideralfe,’■ 
f ." The other hosts of this insect are larch, 


lyhafi, and to Ensw. Sibe|ian spruce. 

The sp^<»-^f aphis i$ bominon boto in pl^s and tohl|i 
^nni^i,:^ attacks ypung spruces especially to nurseries am 
^|^/w^t'haTO„b^ injured ,hj|,fcost or animals. _ It.i^ j^ 

^M!8Wte|y;'.^';at|aqk;'j^;. . ■folheiridp-sheli 



rniMmmmmm 


wren.^ {Thetidum) U 
'^"‘’itulai^ae&i&iie'^wBh'over the' “ 




of' .Bprayu^ ^tfe'yaiOT 

with k^rosei^emaiaipfl. ';.(8!Kilie'''fo^5ffi^i!^p4i^,,!^5 

!S; G1ter-m«f cp^et(«tWif.; ' ' \ , '' 

^B Winffed ?, i'6 tnm. long,arp dMk W. Th« 

8^uce by this insect are at fi^ ijysSpwish green,.the^ 
lastly brown, but are much stnaHer thon/tbo^:’^ 
Ij. ' They, are .also always m side-shoptS, jaiClB|^ 
‘ : never topped by a sprig of needle® 

Isolated and border plants are tisaa^M 

The intermediate, hosts are thil 
common silver-lir and other firs. ■ Th^ 
winged emigrants lay their reddis^l 
■ yellow eggs below the needles of fi^a 

The brow'f, later blackish, wingles*! 
• plant-lice, which come fi-om these eggs* 
I iii||(—3 weeks,,'sue^ the needles andi 

lay yellowish -or reddish-brown eggs| 
covered with wool, that hibemate.j 
!'■■ .. ^^tese give rise-’to .other*'':wingle^l 

■/' plant-lice in the spring, on ^,youa^ 

vi a <«-• ^Tifigg^ from ihe e^s of whicj^^re pnM 
.kSmiu, Stall,. (ifW«r«i. j . ,v 'Jy ; • , 'V'-'w ■ 

^V> " ,duoed winged and winglesi, S. . Th6| 

‘ former flyback to fte spruce ahd .ffife 
^^'rehi|iB.pn‘the, silver-fir.' .'from eggsjiaid the fpna« 

^'I'and^'fdi^^se. ''f‘'".'35^ 
ItffhoM that remain on the silver-fiir cpyer ;&ei baii, 
.|®8'a8i'if it'had'.'been. ppwdered.''. JStopv^Cf"*^* 
the tnnd'.are preferred.;. 

'^ii^’by tgis attack, 'wMemj^%tyHdsst)«^vC 







{litot-lice bn tibe arcliwerefornierlj 
known as'C/tcrwe* to'iw, Hart. 
lai-^aphis).,, 

Ve-‘Kr^&. 

imago S , rattier smalter 

^iJrecediug, Waddtti * bfown* 

with a white woolly down j i® 

winged form dirty green 

the Itead and thorai: reddw-hro^ 


lie male is known. 


li. Lif(‘Hialnnj. 

The wingless females paS8:';|i 
i^ler on the larch, like those w 
(ffabktk, Hart. They lay their egg 
and from April to August the aphid* 
, sit and %ed on the needles, yrhi^ 

£. **#■ “• f-”*'’* • become' discoloured and acquire j 

Hiirt. «K«.) iieculiar elbowed shape. No gall J 

liiMteV -lMiBg on the formed, fbey acquire wings’ 

,, 'or' -to the-sprace.; "When;.tb|y.M 

bon^^; the larches look as if ttiey had been 
ith show. : 

e. Tmitmnt.- 

Sprang with kerosene-emulsions, soft-soap; limewater 1 


ill 



^!W mature k@es. Young plants become gre^> weaJc^B^ « 
^i^attooks, and many Weymouth pinef,W&^fcheesMM 
Woburn Woods, Bedfordshire. : '■ ’ ' " 

measures, as beloirei' , 

Family K.—eocciDAB (SoALfc-iNSEm). 

Omription ef TamUy. 

rnonilifoim antennae^ of 6 to ,2^ 
^mfs;j!OBlrom rudimentary in the.3'. ^ with 2 or 4 mefuJ 
-^jtous wings without cells; ?, except one apterous speeitM 
^Mudet (dididonii, Latr., swollen, more or less Bhield-8haped’« 
i^e tarsal joint. The S burrow their beak deep into the plaitt!! 
^^Mues and swell up into spherical bodies, and iii May imdii 
2ane lay numerous eggs on plants, and die on the eggs. TImI 
^gs hatch into i and ? larvae thatmupate in autumn or spring 
Buigle generation. ^ 

^ The imagos and larvae, under the protection of shields ot'l 
^paiia, partly composedtpf fibrous secretion, partly of thet| 
'^^-off exuviae, suck tho young shoots, leaves, bark, etc. ofl 
:-enectly sound plants, and cause blistering and disease in Ihe. ’l 
Which they have attacked. In tliis way, beA. spruce^l 
!ts, ash, robinia, and other plants may be attacked by different^ 
■••ecies,. 

? 3®e most efieetive treatment known for nursery piancs sffiW 
is to wash them with limewater in the spring, or ont l 
5 and bum infected twigs. The plants may also be, treated » 
.hen praetioable, “With paraffin emulsion or washes made brfH 
a soap with boiling water, resin and potash. The« 
rsleB may al^ he scraped off with a blant knife, or rough;* 
and the plants dmeared with soft-Map- and Water^^ifl 
<hen scale appears on coppied-shooto or saplings, «ut 
plamtSf,.,/, ' 



Being HaSHsii BbJoW «i TijgB^ 
-,^nwex abo^.'‘t'he rnoutfi is on the ander^e of tiie l«dj 
coinpo^'^l^ree hair-Bke appendages, united to fona'-i 
jtong sucking lulie; with it this insect’jderces the barlliinj 
sucks‘tbe sap. She has no , power of locomotion: 
.■immediately dtdr leaving'the egg, she dovers her body TVtt|l 
white, felted, waxy secretion, which forms an excellent qoi| 
, impervious ti^rain. Withl^ this coat, she lives, lays her e|^ 
;;and dies. , ' ' . ' ' -'B 

, The l^rpae are very tiny and active, and scarcely visible ll 
; idle naked eye. They possess three pairs of logs and a p^|j 
“antenna!, and like their parent are yellow. They can 
over the bark of the tree, but usually settle down under, ^ 
body of their dying or dead parent, preferring ttie deei^ 
■parts'of the bark-fissures, where they remain sucking thesi^ 
Each larva protects its body with wool, which is added to th^ 
produced by previous generations. The secretion therefoisl 
gradually thickens and spreads over the tree-trunk, forming i 
more or less continuous mass. Larvae wandering over tih 
bark , are borne by the wind or by birds or insects to othei 
.4ree8 and, spread the infection. The larvae bibernatid 
'and eventually lose their legs and antennae and beie<^ 
'parthenogeiietic ?. 


l^oung and old beech trees are attacked, the sholtered sidh|| 
exposed trees being selected, '^he attack sometimes lasts'^ 
years without apparent injury to the tree, wiule others die, 
foliage gradually becoming discoloured^id thin and the smali^ 
branches dying, the bark peeling off the bi'anehes and trunk.^ 
In the extensive beech forests near Brussels, the absence ijl 
vthinuing is said to favour the disease, and where thinnings art 
made it is generally absent.' It is extremely rare in the bea^ 
,,wood8 the Chiherp Hills, which are usually over-{hinnedf '1 
, jnefflswm. As given above.- 


by'the S evrellinguii 







ana twigs «i v- "irTg|aMn 

-j' whieh' iBa1<e8 them 

' ■ several y^rs. It-has done mnc^^ 

.'JIl i- \ ' damage to spruce ’platita(ib|is, 

VsPlllf ' Saxony, and near Tharahd waafduH^g 

'. on mature spruce,'which had heea^ 
^ locomotive smoke, This-S 
insect is &cked by a mrasitic weevSa 
M)w, rahr.). I-»cc< ^ 
nmiH/mriw, Sign., attacks ash. 

S' ~ VaWn/^/ Another injurious genus of seafeiS 

insects is .IsjM'rftwtu*, in which the 2 -J 

lUray live under a coat formed of larva^ 

* skins and a waxy scale, the $ under iM 

■■; , , smaller waxy scale and one larval Bkin.ra 

attackedl)y A/imi- Aspicliotlis Ij.» aitaclts 


aiilttUAW ... - » • .k , * 

trfphym, D«lm. (Uninrui j^rs, willows and ash, and froquenfly^J 

■saV^k .1 <11 t % 1 1 tTTl_ _ l__Jl S..^ 


j- , • . kills black poplar. When crushed, hS 

' blood-red fluid exudes from the msecti® 

his species greatly impairs the growth of young ash.‘ ' * 

D. Orthoptera. . 

Family I.—^Gkyllidae (Cmckets). 

DesaiiiHon of Family. . . 

■'%he insects of^’this family'p&ssess a thick, free head, 
ohg bristly antennae of many joints, and 2 or 8 ocelli j hind^ 
djtgs folded longitad||8lly,-and projecting beyond the wing3 
'•aseS, but often aborted, or absent, not rowshaped in reposeS 
Hpdy cylindrical; fore-legs formed f^,burrowing; Uisi- 
f^obted. Ovipositor long, sometimte absent. The spcies^ 
S^ce a chirping noise by rubbing the wing-cases toother. « 
•'tiJbOT dig holes in the gromid, tmd live pwtly on larvai- 


' on to roote, IWrfs ibd^tcoit pi .bwk;pIa#Sfri!| 




11 ! 



hands, used’ for farrowing, Ujcoj 
of'W, iaroo a^ nym^ greatly resemM^^ 

,^|^;'& form and ,^iour, hut'have the wi'ng^ 

b. 

" Pairingtakespli^dnder-* 

;,i’ound, from the beginning 
‘•f June till the middle of 
^nly. 

V The ? during the month 
n June lays ISO to 260 
sale yellowish eggs, as 
arge as hempseed, in a 
iole of the size of a hen’s 
jgg, and about 10 to 12 cm. 

?9low the surface of the 
;fonnd, with which it 
lommunicaleH b 3 ' a tunnel 
•r -shaft, witli a circular 
•:»tion. 

£ fh’e earth above and 
'iduod the hole is rendered 
"Ore eompaet by the saliva " 

;j the ?. The $ watches 
’•e nest carefuUy,^d when 
•isturbed returi^i^o it by 
tunneJ.:'- 

j;‘^eyoung larvae dpp^r after 21*8 weeks; and remain »t0‘f| 
ij^s in the nest; they then begin tp burrow in the grduri^ 

'^It b^fimes before October or November, mid then hibernattl 

' 

May''^ 

.^hhing Jthw; wili^ the fourth oiadting, the nympB 
’.jjg tetive !Md feeding; : w4h th«:i*#t ruou^^ instead 
_;b'b|Sle lappefe'wbhb'rilp'dBdBt ihe;wiDf»7jii the nym^| 



Fig. 192. 


rerfeelr 


& and ft 
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■■A Pnifiiet Butm. 

.sx lBolatm<0{ seed beds by irenehes 25 to 30 cm. deep an4 
4(de; if M^^pots ox vekels with smooth sides be placed 
'^th their tops level with the bases of these traps, maay 
prickets will be caught and may be destroyed. 4 

-■ ii. Protection of enemies. Mole, shrew-mice, crow, starling^' 
The larvae of ground and rove-beetles also attack raole^ 
drickets. 


s. Rmedial Mmum ., 

' i. Destruction of nests in June and July. They may be^ 
discovered from the circular orifice in the ground which lead»; 
down to them, Md by the wilting plants which may be ne^l| 
them. They are dug out, and trampling, pouring' hot wat^ 
over them, or exposure to the sun will kill the brood. ;,;3 

ii. Destruction of the full-grown %rickets in June. 
caution must be exercised, ns the creatures are very shyl 
Jigst alter dusk, the worker, who should be barefooted, a^ 
preaches cautiously the places whence the chifping arises, and,| 
exposes the concealed cricket by a stroke of the spade. 

seized the insect emits a thick black excrement. ■ 5 

iii. Ordinary dower-pots, 2 yards apart, may be placed ini 
nUrsery-beds, so that the crickets may fall in during thg|^ 
nocturnal rambles. This method is most efieetaal at pair^gl 
itme.. ‘ 

•;<%. Pour petrol,: pr tar and turpentine in ogual p{fft8, ,h® 
‘b’e holes, and then water till the hole|.are full, in ordef :^ 
oat the briskets. ■ At Seligstadti io0,000 oriekets .WH^ 
:^s dwtroyed , between June and August,I897v\ 


Fajiiw II.— Aobimidab (Docas/#), 


vSdyi iWth hot inore iban 26 J&its ; w%8 iootsfinped 
‘&^,the fpWwihgs narrow.; body latetally compn 
tvith 8 jOTte, usually wife A Iflppetb^^ the claw8| 
wife on. of the 



33 I 38 and meado^^s, but also on the foliage dlf 'bVoa^^^^ 
■45668 and Bbrubs, especially when.they come .ifiijiiitBrms, 
they can then be extramaly hurtful. ' . -3 

^ 'The eommonest European species is Packytyhm migratoniiMi 
!■., arid its area of snb-permsnent distribution is from lat. 40® M 
•n Portugal to 48° in France and Switzerland, and rising easM 
to in Bussia, Siberia, N. Japan. % Its area of occti^ 
distribution is wider, and it has visited England, 
•,?^dinavia. It iajalso found in S. latitodes M New Zeala^ 
-?nd Australia, and in Mauritius and Africa. Only an oecasionaS 
visitor to India. • 'I 

AcryMum peregrvimii is permanent in Africa and tropicai 
Asia, esiie’cially Indio, and occasionally visits the South off 

Europe, and in I8G9, wiig found over a large part of Eiigland.l 

' * 

L Pachytylus mitmtomu, L. {Migratory Locust). 

}Jenm^fiion. 

^ Imago U to 48 mm. long (^), 42 to 55 mm. long ($ ),)• 
:idoured greenish, or brownish; pronotiim produced ini ' 
iltat point in front; wings yellowish, or pale browj^ aid 
ranaparent, slightly darker at the tips; chest wi® ■ 

■iMrs; hind femora bluish on their inner side, with a 
t^‘8,'W,h;ont of thd.joint; hind tibiae yellow. . 

0iarva with btiiW brown bamdS V the frcmt‘pa^ or 
;^ck,'and wjn^ess until it has.mouited four times. ' 





% 


iroEnd ^,.to'4 ejnij^P* in grtai 
lie imm^tely aftOT liyiiig^ if’’ 
Kund show 


Sf;;,, 


fly;'«^d<iltu^;. pijodu^rlKBs^B™ 
■’--rjtSiarDae to ’leaW'Mto^’l^”* 

nVuifk'filti ' 




Asia-." -it occasionally spreaH; 
aiwl as far as Belgiatn, and even into' 
^ howevet, devouring chiefly agricul- 
young leaves and 

'vrinnal buds of. Iffoadleaved though it hut rarely' 
^ips off all the foliage of a forest. In 1880, in Istria, chiefly 
ak and ash were attacked by it, other broadleaved keen 
u’ere also attacked. 


X- I'romrm miles, 

I. i^estruotion of eggs. Very difficult to earry out OD h 
arge scale. - , ‘ 

-ii. Destruction of larvae—which is the best metlK)d. 

T-hey have been exterminated in Cyprus by an organisedfs 
.ystem of digging trenches, into which the larvae are drivoir ^l 
■trips of cloth on stakes lead up to the trenches, and the* 
oousts are crushed by thousands when the trenches are nearly,!* 
dlJ, and &en fresh trenches are dug. In South Africa, the:’ 
n^ae, which may accumulate in masses, are killed by spraying;^ 
vith coarse blue soap and water. The soap blocks up their "; 
raoheaa ahd kills them readily. 

-iii. Destruction of the full-grown locusts may be effected^ 
■uring wet weather, when they fly with difficulty. .' 


LIST OF DESTIWCTIVE INSECTS. 

IS here given of all the destructive insects dealt 
■ ^is book, afranged according to the species of tree attacl^ 
|d the different organs ofit yhlch suffer. * ’ 

;®e following details are given in the list 

^ts. uffudked: root, bark, eamhium, woodi bud^^ 

l'?sves, hlossom^;fen^'3«id..|B^8. 

in the omoM Smipte^ 

iMlhding-;ii(e 1 





Wvft. 

AU stages. 

, Vertical gallery. 

S’orlcwl 
iloriKOQlal „ 
iJuidQT „ 1 the clwrftc* 

/’ tevlstic f<jrw of D'yjHMlemfmu.. 
Stellate gallery, 

■^Vv- 

. Jaitt’ .'' • 


.aW't 

j (y.P.) YooHg ptata., 

1 P. Poles. .' “i S 
i T. Trees. 'V 
i: t, * Miglily injurious. 

^7 0 Sligtilly J „ ' 

f Insects not marked with cither of tl»e 
alKjTC signs are moderately in jurioua^ 
Those with tlw mark f plac^ aft©?; 
Ibom rarely occur in the., cMip, 
refewed to.* 


rAQC 


1. THE SPEUCE. ^ . 

Itoofa. f Wooj>. 

• PASS' 

HijWwtm dmimMdeg. I,&IaT. 
filirxjUTem'M, L, T.f ......... sS 

S. gigax. h. (B.-& T.). 

^TomiriiJt Vtnmtf/n. I. f, • * 
(L.G.)(i>.i£T.) . s$d: 


. 2011 
. 325 


mat-ffirnfm. L. (Y.r.) 214 

" rulgarh. A. S.^.. 3t*9 
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wMkene4 by preTXOO^ diseaBe, jjot 

ftriang from them be .itoasr-eBtimakB, 
paciaily important as regard^Soniferous forests. ' ' 

'^he most effective means for combating insect attaekf 
^list in eareful and cleanly forest Bisnagemantp and p 
p^»88ing an attack at its very commencement; once it h^ 
large diAensions man's efforts against it are alnfo^^ 
^rjees. In brdfer that his‘ attempts-at rejMjdon may 
-sessful, the forester must know the' iite-hiii|ry and retaij 
3s to the forest of injurious insects; for this purpose',Sier% 
iok-learning will not suffice, but must be, supplemented 
reful and continuous observation in the forest. 






PART III. 

PEOTECTIOK AOAIBTST PLABTXS. 




PEOTECTION AGAINST PLANTS. 

Planis injurious to forests are either weeds that cover thi 
soil, or climbers and parasitic phanerogams or fungi, which 
attack trees and forest plants. The following sections will 
contain an account of those dangerous enemies of the forest.* 

* Ikwks for rcfereuce o« foj'est bot;my are: Dobnor, Dr. ifi. Pb., “ Lebrt»icb 
’<{cr Bot-ai»ik fiir Foiatmliuuer.’* Dcrlin, l«82. So.hwaitz, ])r. F., “ Fomiliche 
iBotftiiik.” Derlin, IHW3. Thaer, Dr. A., “ DIb lamlwfribschaftllcheii [Tukiiiatervl 
1893. (Japital illiwtralioijs and Uhcctif«i« how to exterminate weoehi. 
‘.The »i'8tematic luimea of (he weeds ai'e tsiken from Ikntliam aud Hooltet'l 
Flora,” Gtb edition, 18^7. ^ 



CHAI>TEE I. 

raOTBOTIOK i-SAlSST POBEST WiSSa ;; 
Seciion I.—Genbsai Account. . 


1. Definition of the term Forut Weed,, 

■ The term forest weed usually comprises wild plants, wliiiijl' 
their vigorous growth in masses more or less retard thff 
development of young forest plants. By extending tS# 
■neaning of the term, shrubs, and even many othervrise useful 


trees, may be included, which when young injure the growt^i' 
of the principal local forest species. When, for instance,' 
sallows or aspens spring up in large numbers in beechwoods^ 
sir birches among conifers, or, even the hardy and fruitful 
i^^beam in the pole stage competes too freely with beechji; 
^'■-Becomes necessary to remove these inferior species inj 
Meanings. More detail on this point is given in sylvicultures 
it may, however, be noted here that the most numerous 


langerous forest weeds are woody p^nts of more or less rapif 
iimght-growth, the mrat bushy ones, and those producing roi^ 
Jailers being the worst. In Burmese teak forests, bamb9« 
’^ow to Mgh% of My ,;feel.tAhd morewit^' Ajfli 
‘teak /reproduction. 'im|)Os»blf,'vtia^^ 
:i^:gj%arioi^y/and: die, or 'a»&, kjll^’ 




pfESoJliffipa^'a® 

lelative {ariount of i^ury. 

It is highly interesting to note the changes which take place 
i the constituents of the soil-covering in a forest according 
! ttie speeifl tree grown, and the degree of density of the 
rver. ■’ 

' 0 . Structure of Stem, 

f:.Weeds maj be either mody or herbaceous. To the former 
class belong broom, heather, bilberi'y, hawthorn, blackthorn, 
brambles, elder, etc.: to the latter, willow-herbs, groundsell, 
selladonna, foxglove, grasses (except bamboos;, sedges, reeds, 
and rushes. 

h. Duration 'of Life. 

Weeds may be either annuals, biennials, or perennials. 

Most herbaceous plants, except some grasses, are annuals. 
Mullein (Ferbascmn) and foxglove are biennials, producing 
foliage in the first year and flowers and fruit in the second 
year. This class is, however, rare among forest weeds, and 
all woody plants and the rootstocks of many herbaceous plants 
are perennials. 

e. Local Ocmrrence. 

■ I 

Forest weeds may be classed as belonging to the plains, to 
ywamps, hills, or mountains. Of these, the flora of swamps; 
4nd of high mountains are most specialised. 



d. Nature of Soil. 

! ,:ffiay be or restricted M; certain soilsj, 

*' W to soils. . 

^i^Ss.rdatricted class! is divided , into plants special to sandj 
:yjr, loam, calcareous soil, or to peaty and sour soils. S' 
remembered that the plants produced in 
-|y;l^U^tii^-^SPted; by the subsoil and surrounding 
as';-^nl|i’»a_.by'the surface-soil, so that we must 
BuWr^'ib;* .8an soil, for ' instanpe, occasionally, 
"■jar to other soilsi 
lb; indifi^ent as to soil, and appear c«i 





W cMedy. iing (CaUuna 4<itigami c^l 
|si4 ^ther (Enea), broom iCjMsvt teoparius, Link.), iy?^| 
.grass (Elymm a/renarius, L.), inaram-grass {Psanma arenar^' 
Beauv.), sand-sedge (Carex aremria, L.); Ftstma ghwia^ 
*8ohrad.; Pankwm. glahiim, Gaud;; etc. , . 


ii’\'On clay Soils: coltsfoot 


Ear/ara;-L.), woun^;? 


jjttOii (Stachye palmtris, L.), marestail (Equiietum), oottom 
.^ass (Eriophorum), rushes (Juncut). i! 

On loam, on account of its favourable nature, very numerous 
weeds abound, such as all good meadow-grasses, bindweed 
. {Convolvulus), Veronica, etc. , > 

•' Cakkohus weeds are Viburnum lantana, L. (way faringtreej 
;roek-ro8e {Helianihetmmi vubjarc, Gaertn.); Stachysgermanioa, 
; L.’; Buhls saxatilis, L.; many PaqiUionacm, and of grasse^ 
"Melica and Seskria. 

On rich humus soil: raspberry (Bubus Idaeus, L.), balsam 
(luqmtiens Noli-nie-tangere, L.), hemp-nettle {Qaleopsis Te- 
lirahit, L.), black night-shade {Solanim nigrum, L.), etc. 

, On peats : we find mint {Mentha pulmti-is, L., etc.); bog 
'^ myrtle {Myriea Gale, L.); Vaeciniunudiginosum, L.; Carex, 
lEnophomm, Juncus, Scirpus, lousewort {Pedkularis), dock 
'.0umex), loosestrife {Lythrum Salicana, L.), peat-mosi 
{Sphagnum, sp.),\te. •; 

On saline soils: sea milk-wort {Okuxmaritma,L., Phmta^, 
vt«mti)Ha,.L.), samphire {Crithmum maritimum, L.), marsif 
\waphxr6. {Salkoruia herhaeca, L.), salt-wort {Salsola l&jJf 
)!>,), Ambvt mlggxis, Willd.; sea-lavendor {Statics}, sea-ho^ 
'iErynffiwm maritifhtm, L.), maram-grasS, ete. 


■'. Si'Minentl Suhstattm m Ashes of Weeds. 

I The mineral character of the soil on which plants will thi^ 
iAannot be-decided by the quantity of any substance such; j 
\^lica, ,e<dd%m carbonate, or sodimt vffiich 

-IlMind ih- Gieir ashes. Different ^rtsrdt -the Bame ; |lra 
:||^ CQnhdn different proportions of chemical SUtetip^ 
l&ero it mueh silica m the stem qf i^aesbs, and' 


W -Miag Heated, poroeiity, etc., hSa mofeVraflaenee 
“tike growth of plants than its chemical composition, though 
„e letter has an indirect influence on the physical nature of 
toils. 

In the strife between weeds and cultivated plants, the former 
jain ground by the easy dissemination of their seed by wind, 
yater, or birds, as well as by their superiority in the struggle 
'or light and for space for their roots. If cultivation of the 
ields were to cease in Europe, it is certain that, in 100 years, 
mly grassland, forest, or swamp would be found, according 
» the degree of humidity of the soil. 

/. Demands as to Lvjht. 

Plants are termed lightdemanding or shadebearing accord* 
ing to their relative demands for light, or capacity for bearing 
shade. 

Heather is a decidedly lightdemanding plant, bilberry 
(Vaccinium Myrtillns, L.), a half shadebearer: the holly, 
juniper, and Daphne are shadebearing plants, as they flourish 
In dense woods. Ivy (Hcdera Helix, L.) and batcher’s broom 
{Rmcus acideatus, L.) are also even more shadebearing. 


y. Kind of Injury done. 


Weeds may overtop young trees and deprive them of light 
id dew; they may constrict them, as in the case of tl^ 
Mdbine, or, like the bindweed, completely stifle them 
/owmg over them; they may smother and bend them do^ 
^ert pressed on them by enow, as dead bracken; or, like the 
i^moss, Sphagnum, cause swamps. Some weeds, such a,® 
iiherry, may form a dense mat with their roots, so thiat 
atoral regeneration of trees may be obstructed. 


k Degree of Ir^y dene. 

3 Weeds may be classed aa ver^ injuricm, injurious, or 
mj slightly injurious. Many forest'weeds are either 
yimicallv or. indk«^. ns^uL as will be esnlained in the! 



8, GiRitg of: Certain Weetti. 

ISome weeds are directly or indirectly useful in woods. ; 

4v Manjr weeds, such as grasses, are directly useful for foddelj' 
sliateh, or litter, or may be used by manufacturers, or lo^; 
Medicine. A full account of such plants is given undS' 
f orest Utilisation. The fruits of many shrubs afford useful 
food for men, mammals, and birds. f 

;■ Weeds may also be indirectly useful in the Mowing 

'Ways 

£, (a) Soil-indicators. Giving evidence of certain physical or 
Chemical qualities of soils. 

(b) Sml-fixers. Binding the soil on steep slopes, or ot^ 
shifting sands' (sand-fixing grasses). 

•' (c) Soil-iniprovers. Enriching the soil with their detritus,' 
and maintaining its moisture, reducing radiation, and 
especially by preventing extremes of temperature in the’ 
surface soil (mosses), other than Pohjtrichum and Sphagnum. , 

(d) Nurses, for young tender species in localities exposed to 
frost, dry winds, or insolation. Thorny bushes and weeds of 
an erect habit, such as the broom, are moat useful in this 
respect. Thorny bushes also protect all kinds of forest: 
,|)lantB against grazing animals or deer, and afford shelter^ 
'■'tb useful birds. ' 51 

On these grounds forest weeds should not always M 
jextirpated, but only when they do more harm than good., 


i. Damage dme hy Forest Weeds. ; 

A. General Nature of Damage. 

‘^he damage done by forestweeds is either direct or indit 0 !|| 
Any weeds being hurtful in both ways. 

are poisonous plants, .ju® fljip' 
nightshade, or belladonn^<«iii|ft|inrtfuI t^ 
ff^ls :|3:azing'-in 1*0 

roses, brambles,"-efeVds ,'also a great hipdrapc|S 
1, and in^herddre be considered direc^ hurtfulK^la 

due to .thb'follbwS 



g3^W5ps«w 'i®i«8 (51 itnati^ ■weMB'tncreaaa'the a®etil^ 
preprodiiciion of &e forest, as In the ease of heather, bilberry ^ 
p|d conch-gr98s.rV:,' 

I' ii. The rerooral of valnabie mineral matter from the soil 
^hich thus becomes impoverished, for instance, of potassim? 
IjhoBphate in grass-seeds. 

iii. Mechanical injury Jo young forest plants by bircli, 
Ispeh, sallow, grasses, etc., owing to deprivation of light, heat, 
air, dew, or rain. Lightdemanding plants are thus soor 
killed, and even shadebearing species cannot long withstand 
such injuries. 

; iv. Injuries by smothering or constricting plants, as, in 
summer, by hohey-suckle, clematis, convolvulus, wild hops, 
etc. In winter, by being pressed down on the plants bj 
snow; bracken, tall grasses, etc. 

. V. Eetention of excessive moisture in the surface-soil during 
wet weather, and formation of swamps; consequent increase 
bf damage by frosts: all peat-plants, and especially Sphagmm 
increase the swampiness of the soil. * 
vi. A dense growth of grass or weeds may prevent dew oi 
Kght rains, which-merely dry off the surface of the weeds, fronc 
pnetrating the soil, and is thus ver^ hurtful to plaatationl 
and sowings during droughts. This may be easily proved bj 
digging up a sod and examining the soil beneath it. Besidet 
Excluding moisture from the soil, the grasses, etc., draw u| 
|he soil-moisture from below and transpire it into the air 
^ tliat the denser the growth of grass, the drier the soi 
■'Ibpmes.; 

;vii. Certain plants produce a sour or dry humus which ii 
ibSnitable for most forest trees; this is the case with heatha: 
pede, and other sour gi-asses, sedges, etc. 

?-1nii. Shel^ is Afforded by grass and herbage to mice ant 

lifeta.' 

WeB^^^:';eitpeciaHy heather, increase danger fron 

^'•Parasitie.iphints, Other-tap langi, tnat remove saj 
forest pltofei.. They may be classifiedjai fbllows:— i. 

Parasites gsrntotiag.tod groTOng ih%e living tissue 



each as dcwider' (Ciacto), 
ground, but eventually attaching themselves to 
■plants. ‘ ' r;-: ■■■'o; 

Parasites nourished partly by.their o.wn roots, and part!|l 
by attaching themselves to useful plants. Broomrape' 
{brohanch) on broom, furze, ivy, hemp, lucerne, eW 
Laikraea tqmmaria, L., on the roots" of trees, especially 
hazel. 

xi. Epiphifiei. Lichens do not remove sap from forest 
^ants, but live on water, air, and rotting bark, but when 
attached to trees they are injurious by blocking the lenlicels 
5nd preventing necessary aiiration of the internal tissues.: 
They harbour numerous insects, and increase the weight of 
aiow on the crowns of trees during winter. Trees with rough 
bark, such as spruce, larch and pines, are most subject to 
attacks of lichens, which increase in number with the age of 
their hosts. The branches are more subject than the boles to 
these attacks. 

'§j;Incrustating lichens, such as Imhrkaria, llatyma, and 
^ifcatiora are worse than beard-like lichens, Ifsnui, Evernia, 
pd AUctoTM. Lichens^o most damage in moist valleys and 
is crowded woods. 

J xii. Some weeds serve as hosts to injurious fungi, which 
inay afterwards spread to forest trees or to agricultural crops. 
’Iftny parasitic fungi are most frequently found on weeds, 
or attack agricultural crops only after passing one stags 
^ their existence on a weed. . i,!: 

I Thus, certain An-hen^henm and Auimkfi, 

certain kinds of rusts on to cereal crops, such alj 
^teia Tub, and UttUago earho, Tul. Etucinia g'rity^ 
Befsi, on wheat comes from AeMiam on f^; 

-ylierry ; and oat-mst {P. coroiuitk, Corda) from buckthor^j 
;^ester8 should always look with 8uspicioh,<^.;any fun^ 
"igewring oto. wild plants. 


'/forms'Woods-.. 

anionnf ^Jamage done to' fore^s by pafticiSai: w 
iittMls hh thiE^yde'disBehnnalibn and.lO>^ .#e,vi^.ux tii 



prevailing system d forest nifaagetne&f; 
Md tlie state of the weather during the growing season, ijr 
dihe second place, by the species of tree and age of crop. 

Weeds are disseminated chiefly by winds which carry light 
seeds and fruits by millions, as, for instance, the fruits of 
Compodttd; many birds, especially thrushes and blackbirds, 
disseminate seeds either by pecking at the ripe fruit-heads and 
causing the wind to disperse the seeds, or by eating the fruits 
and voiding the indigestible seeds. This is especially the case 
with hawthorn. Other birds, such as finches, eat the seeds of 
many weeds and are so^far serviceable. Hares, deer, and othra; 
animals also carry seeds about in their fur. The seeds of many 
riparian plants are carried down by streams and inundationSi 

i. DiMAOE AOCOBDINO TO SWiCIES OF THKE. 

Slowly growing species are more easily injured by the 
growth of weeds than fast-growmg ones, and of these, lights 
demanding species suffer most. The vigour of the weeds is 
greatest on the most fertile soils. 

The following scale shows the degree in which the differw^ 
trees suffer from a strong growth of herbage. 

Suffer most .-—Osier-willows, elm, ash, maples, sweet chest¬ 
nut, silver-fir, and spruce. 

Suffm- less .—Beech, hornbeam, and lime. . ' 

Suffer still less.—Oaks, alder, tree-willows, Scots and BlacI 
pines, and larch. , ' j 

Suffer leaff .—Birch, aspen, poplars, sallows, robinia, specie 
Sorbus, i^rus, Prumis, and Weymouth pine. , 

',;Thi 8 scale, of course, will vary for different localities whii^ 
suit eertain trees better .than others. 


ii. OF ManaoehbntI 

,5 In'high Wests wi& natural regeneration, or artificiafll 
panW liable to become covers^ 

.fetih weeds'hi is' the clear-cutting system, which favours tl^ 
';^]^d ofin the highest degree’. -'The shelterwoo* 
^parto^ system, also, if- not very carefully 
i^iJiietimes gives rise to masses of weeds^on the felling-am 
fresh, arid especially, damp, rich ;''Soffi, after a 



Sit^stone rook; balsams and willow-berbs on basalt; ijiroot^ 
genista on sandy soils—spring up in masses after ''i 
jtling. This can be explained only by a supposition that 
id seeds of these weeds remain dormant in the soil, and 
^nninate only when the removal of the trees allows enough 
dat and air to reach them.* Jhuming, or the thorough 
timing of branchwood on the soil, after a clear-felling, may 
^troy seeds of weeds in the upper layers of the soil, and 
ous keep it free from weeds'until it has been restocked with 
^rest growth. 

iii. Agb of Wood, 


Forest trees are most endangered by weeds in the first few 
ears of their life. Forest nurseries and cultivations, therev 
jre, suffer most of all, and of these, sowings and natural 
ogeneration-areas more than plantings. Where weeds 
bound, very small transplants should not be used, and 
.equently four or five-year-old plants are preferable, 
pfome poles and coppice-shoots, and especially osier-willows^ 
S attacked and frequently killed by climbers and parasites, 
jln tropical countries, trees of all ages are liable to be lolled 
f -,the strong woody climbers and twiners (lianes) which 
qound in the .forests of these regions and attain several 
ist in girth. These lianes may mount to the top of the 
ighest trees, depriving their crowns of light and bending 
Own and breaking poles with their Weight. The twiners alsdi 
■iistrict trees, moulding their stems into corkscrew shapes,’ 
id in the case of toes with a sapwood, the passage of 8%' 
31!^ 6Q interfOTd with, that the toes are killedi 


ir. bocsnrv. 




e, fresh, and moist soils, especially on halftlt, preidu^ 
t«e we^B ihan soils over dry sandstone r(»)£,; .Bam^ 
liiCronrs the, growth of weeds,,aa can 
i-eus weedy gi^th ;oh;mount8te.; m 

li-i-i *“"-->-e,ec^bles them i^;|it dut'^^ 


iner than in" rcnfavourable li^litts^ 




DKssrrf or FonsST bkowth.' 

growM weeds which have taken [ .. .._ 

I after a makes way lor a covering of moss, needlesj 
•br dead leaves, after the forest has been reconstituted. Whea| 
age again begins to open out the wood, or when, owing to bad; 
management, or to accidents, thin places and blanks appear,;: 
weeds reappear in direct proportion to the amount of light; 
admitted to the soil. 

vi. Weathkk. 


Damp warm years are most favourable to a growth of weeds/; 
and-during such years tender forest species require little orj 
no shelter. Hence for bot\ these reasons weeds are thi#^ 
most hurtful. 

; vii. Haiut of the Weeks. 


^ Perennial weeds, and especially those which produce rootp 
suckers, are much worse than annuals. Also those with dett^ 
foliage and those which are social over extensive areas, ofi 
gregarious, in patches, injure forest plants more than scantily ‘ 
foliaged and solitary growing weeds. Species such as black-; 
thorn, aspen, and forest-willows soon get the upper hand pi 
other weeds. 

Weeds which by their decomposition yield dry or acid humif|| 
are also hurtful, as they firoduce soil unsuitable for foref^ 
vegetation. Dry humus formed of lichens, etc., contains litti^ 
'carbon dioxide, easily oj^bles, decomposes with diffioul^g 
;^nd absorbs very little ^ter. Acid humus, on the othe^ 
=|iand, formed by sedges and peat-plants, injures by exhali^ 
i^rsh-gas, and by containing certain organic acids that^j 
Jpeteimental to tree-life.., 


5. ProicOTOTi against Weeds, 
a, Prevmim Measures. 

|fhe fbltowibg i^s for keeping down forest weeds shoulc| 
to'ohkerT^':*-^- 

OF THE DEKirnrctf tb* Vokest. 

|':&feat care toast taken in tiie shelterwood systemsf ,^; 
liQ liable to^biefflitojie Wee^ ftatthq fellings are not too pp^- 
il^wseedin & .Sto-kv .seoondarv felito;' 





LONO ROTATIOITS. 

IioiJg rotations should be avoided, and woods of Hgb 
mning species (oak, Scots pine, or larch), should^ 1 
Jrplanted at the right time with shadebearers (beec; 
^r-fir, spruce, Weymouth pine, etc.). 

soil-proteetion wood is to serve its proper purpose 

drythe“soif"“‘’ 

iii Baph) Kbpmntiko op Clearkd Ams. 

31ear-cutting8 should be rapidly restocked with stron 
f^«nflplants planted closely, 

iv. Maintenance of Soh^Coveking. 

tZ leaves, needles or mosi 

^Id be maintained, by keeping up a dense cover, and bi 
l^entmg the removal of litter. 

' p \- ' V. Drainaae. 

‘ l^n^ should be carried out on very damp localities, 
eiore they are re-stocked. 

i! yi, Gkaiiso, 

• A dense growth of heather mayA kept down by sheen 

..^skubs, which grow most luxuriantly in the HimalayM. 

L SuiES FOil JOeeSI* NUBSEUrKS, 

.^nes ehould^^t be too near fields. The seed-beds and 
lines should be carefully weeded or hped= before thd^ 
^ WoBso^, and during raitiy weather. Burned sodi 
d^^ t^TJ^asnaanure, aat’■ ' ’ 



plants may be covered w}t¥ Tnoss, dei| 
leaves or sawdust. Tliis prevents the soil from caking and 
'retains moisture near the surface, and thus replaces ciompletel| 
the expensive processes of working the soil, weeding an^ 
watering. In damp places, burned compost introduces livers 
wort (M^rchantia polymorpha, L.), but this does no harm 
i^e plants. 

b. Remedial Memum. 

The nature of remedial measures to be adopted depends op 
the habit of the weedk, their degree of development, and the 
nature ef the locality. The simplest measures will olt^ 
suffice, but sometimes special measures must be taken 
follows:— ' - ,, .iS 

i. In order to remove too great a soil-covering of grass 
herbage, cattle may be admitted, or the weeds may be ] 

Up or cut down, always before the blossoming period.' 
very bad cases the hoe or plough may be used all over I 
area, and the land made to produce a field-crop before beihjj 
'ifeBtocked with forest growth. The cutting of grass ap| 
herbage may be profitable, or the cost of the operation at 1^ 
covered by the sale of the produce. The weeds when mij& 
with lime may be collected into heaps, and then yield valua^ 
manure for forest nurseries, or they may be burned and t^ 
ashes spread over the soil. 

ii. If the soil is covered with short woody plants they mlg 
be mowed down or pulled up, as in the case of heatl^er; rasfe 
berries may be simply beaten down, and softwoo^i snch?^ 
sallows, pulled up, or out off at about one foot from the groti^ 
or the woody plants may be girdled close to the ground. 

This cutting should be done in July, at the height of ^ 
Rowing season, when the power of reproduction is lea8| 
as there is then least reserve-material in the roots am 
thizomes.' In Cop^ce and ooppice-with-8tandardB,%iteri^ 
species such as Maekthom should be cut out several yoft^ 
before to undierwood is felled. Bindihg tightly suckers- 
Ihodts of woody weeds with wire is sufficient to kill them.' 

iii. To remove from ,,i«^es &e coating of lichens and 



be sbown'in th'e fignresf'Wft^^M 

■yulii only be done lor Bpecially valuable trees or in orciiap3 
■ . mfetiriSa twenty parts by^weight of wood-ashes with onbl 
|rt' carbolic acid may also be used. This is boiled andil 
’^.^red on the stems with a brush, and in a few days’ time'3 
|bfhe lichens will fall off. Limewater has the same effect, j 
.mixture of gf blue stone, 2 lbs. of lime, and 80 galloi^| 
I'water msy^k> be used. It is best to remove lichens ott'^ 
days in «|ring, <» autumn, as, thus, numerous injnriotta;J 
•beets are also hilled. ' ‘^.-1 

iv. In Indian forests, woody oliml)ers are cut periodically,'- 



Steel-wire bruHli. 



Ditto, with hole for 


195.— .Fig. 196. 

:irM*8craper. 

■J especially two years before fellings, as they then rot and . 
j longer bind trees to be felled to others intended to remain. •, 
fthding. 

’ Sbotiot n.— -Bpeoial A'ooouni. . , 

'-ifbe following is a list of the weeds mosthnrtful in the forestsl 
Europe, with an account of the special, means c^| 
Item. It is best to consider them in orfe of thi^l 
oh light and the amount of injury they do, and,rio|| 
to their systematic botanical arrangement. 
.'^Smllowing groups occur ;. 7 - . ,. . 

:$f^igKtdemand«^, which generally spring ap, on.,blanil| 

J:felling-areasi ’ .” 

ocoun^ sn tbb interior .ol. tfoodsj 




springing up ia inorfe or less closed wood8.|i 
)d. U^eedt of mt 01 - turfy soib. 

SfLwnm, 

6. Pai-asiUc phanerogam. 

7. Weede acting as hosts to injurious fungi. 

In each group, first the woody Species and then heroaceou^; 
»es will be considered. 


1. Lightdemanding weeds. 

0 

These weeds injure forest plants by overtopping them and; 
sxcluding light and other atmospheric influences, or by| 
jcoupying the soil wi% their roots, or in both ways. fhejr| 
may also produce a humus which is unfavourable to foresfe 
growth. 


;, a. Broom {Cyiisus sroparim. Link.). 

This evergreen shrub attains six feet and more in heighl^i 
ind prefers deep sandy or loamy soil; it springs up on clear-;; 
ings in mild localities, and is found throughout Europe. Theji 
36ed may remain dormant in the soil for many years. It mayl 
be submerged in water for several decades without losing itfe 
S!flrminative power. Burning undergrowth often results i^- 
Ihe germination of dormant broom seed, and in the Ardennei^ 
where basic slag is put on to heather soil, a dense crop ,0 
broom often results. 

' 'Broom, when not growing too densely, may be useful 
tQiing'"broadleaved plants, such as oak-saplings and stool- 
!hoots,% affording them shelter against frost, but a dm^ 
growth of broom is very destructive to one- and two-year-c^ 
fine and larch sowings. 


Protective Measures. 

It is best tb.npro^ the young broom at its nrst appearance] 
^ it niay be)cijt (A at mid-stem, when the stems dry up and 
iip not shoot put again. This plant, as well as all other weeds 
he. rejhbTOd before the seeds are ripe, in this case 5| 
^y. Its removal may lepsy the cost, as it is used for litt^ 
^ and fim thatch. It may.^ 



iffii’&ffiniains, regular crops oJ Droom are enWTaif ?*^ 
five or ax years, and used for fuel. 

h, Fum (Ulex). 

'ijhere are two species of furze common in Britain, Uleti 
'■Toparnrh., and V. turn,, Forst. Tlie latter blossoms in 
‘S6 autumn, when the larger species is in fruit, the former id 
% spring and harly summer. 

order to clear furi^e from tracts that are to be planted, it 
X bast to butn it in the summer, and then cut down the 
•urned stems. It grows slowly from the rootstocks, and e 
iew plantation will come away from it. ' 
rtiero are several species of Genista, termed in EnglanC 
lyer’s-weed, needle-furze, etc., which may be treated like 
iroom, but are never so troublesome here as on the Continent 

f ' " e. Wild Briar (Rom). 

. There are several species of wild briar, the commonest beinj 
i^sa miina, L. They Bpringlp wherever the soil is not toe 
4et, both in plains and hills. Their great power of sendinj 
jilt suckers renders them very injurious to forest growth, an( 
^6 best way to get rid of them is to dig them iip by thi 

fbots. , , 

*•' ' d. Omnmn Ling and Heather, 

■ 

I'* Ling (Calkma vulgaris, Salisb.), Scotch heather (LVici 
^rea, L.), and cross-leaved heather {E. Tetrdix, L.), as wel 
^ other species of Erica, cover large areas, the first chiefly ii 
Ijentral and Northern Europe, the second in Western Europe 
the south of Spain to Norway, and the last to the wes 
'^n :Southern Europe, hut in the north extending eastwards a 
-^If ^weden and Livopia. They grow in very variable soih 
sandy tracts, especially wh^ and dry. . j 
^^r^nt'growth of heather is a sure sign of a poor, shallops 
ffs^'soil, or of one that may have become impoyerished h 
inianagement. Heather is injurieha'i^lli’o^y by filli* 
-Je ground with its roots, and excluding' atmospheric Mt 
:;^eOei’ but also by producing as, it decays an Hj^VOabi 
to whfch'only piMB, aspen th^,: :Tj| 

li^ly inflab^hle m title ,sp*|h& a^ wheh 



klllea by- the 'shaae''bf''tl^i^7'’Sa 
pfeotiaiid, iiobeus fostered by the moieter air produced by the 
pelter of tree-growth attack and destroy heather. 

I Heather reproduces itself chiefly by seed carried by the 
l^ind, and less by suckers and shoots. 


‘ ^ . 

Protectiva Memwes. ■ 

i. Maintain a close forest growth. 

ii. Graze the heather down by sheep, but this can be done 
*nly as long as the heather is young and tender. Old, tough 
.‘heather will be eaten by 
;^heep only as a last re- 
j«TOurce; they will prefer' 

^oung forest plants. 

, iii. Cut down or mow 
fthe -header, specially 
(strong scythes being used 
for the purpose. This 
^should be done either 
‘^early in spring or late in 
Summer, in order to keep 
/.the soil somewhat pro- 
|Eocted,against the heat of 
fj*summer and the winter s «j = 4 inch««; c = 10 ineheB; |« = 60 °. 
|l!old. The material may 

f|)e used as fuel, thatch or litter, or made into brooms, 
iv. Bum the heather in situ. Thjp may be done when 
ere are no forest^^ianta in it the destruction of which should 
^ avoided, or immediately afler*a coppice felling. Fire-traces 
sufficient width S^nld be made around the areas to be 
jUrhed, and the burning should be done on dry, still days in 
|«ch or April, the fire being lighted to leeward, or dow^ill, 
closely watched. 

IS, The ground ,piay be stripped of sods containing the roots 
#'the heather, a crop,of oats or rye produced, if advisable, 

ore planting it up with Quota pine. The mineral soil must be 
rased, so that the plants’ roots are not in, the sour humua/; 
e mstrument sbow^: in P^. 197 is used for this purposei 




ine wo species ol bireh (Betvla aWa, h., and B. pid 
pgfah.) ascend to 6,000 ft. The former is indifferenl 
and the latter prefers boggy ground. They are som 
fcrtfnl in coniferous forests, as their hard, whip-like bn 
off the tender spring-shoots nf conifers. Owing t 
j^lpid growth when young they may be also prejudi 
'^Ung oak plants, but may act as useful temporary- nui 
pe ktter against frost and drought. As birch has a nun 
tollum-buds, it should be cut below the level of the so 
does net usually produce suckers. 

/■ Other LuihldemmKnt) Weeds. 

^ The beet remedy for the remaining lightdemanding 
is to effect natural regeneration of the wood, or to repli 
if clear-cut, as soon as possible. They are St. dlihn’i 
iHyperkum); balsam {Impatiens Noli-me-tmigere, L.), 
grows in damp, fertile soil, in masses often a yard big 
over large areas; willowherb (EpMium angmtifdhm, J 
similar soil, the seed of which appears to remain latent 
long time, and is carried far and wide by the wind; grou 
(5e)mo),'’sprmging up in masses on sandy soils, the 
carried far by wind (these plants also act as hosts to par 
fungi); hawkweed^ (Ekracium); Atropa Bclladonm, i 
fertile damp soil in shady mountain forests of Europi 
Asia (Himalayas), is very poisonous: foxglove (DigMis) 
sjrow in such masses^, that the hill-side appears red 
3^d68_, H. purpurea, E, and the yellow|*)ne, D. oAii 
^hich IS not indigenous in B^tain, are Aonoua; Verhai 
tew species found on dr^, stony groun#) nettles (Vrtica t 
El, m annual, and the perennial nettle, with strong rhiz 
^. dtoica,L.), are frequently troublesome in forest nurse 
Jrtm-rush (Luntda), four species common in mountain foi 
^ brasses dewrve a separate paragraph. The most com 
|n|uriou8 kinds aret-Species of besil.grasm(Agrostis); 

L., and Jemtta. L.| Meliea eiliata, L .; sh, 
« E), and other species of fescue; eo 
K BeaUV;); I; 



^^acGrig'^ijUiiia (MiUimieffuMnii,L.).' Grasste with faMfj 
|,hroad leaves grow on deep,«ioist, fertile soil—they are termeffj 
fWaingraser, ip German. Angergrdser is the term applied to. 
piarrow-leaved grasses, that grow on shallow, dry and poor soii^. 
f The dama^ due tf a dense growth of grass is of several 
f kinds: the soil may become matted with its roots, which may; 
Iprevent the seed of forest trees'from reaching the ground;' 
' young growth may be choked, the soil dried up, or moisture; 
'kept in, and' frost increased; damage may also be done byi 
mice and insects which shelter in the grass. When grass 
'grows densely. It is a sign that the forest is too thin and, 
■admits too much light. Twitch flourishes in sandy soils,.;: 
creeping in all directions through the soil and filling it with- 
rhizomes; it may even penetrate roots of living plants, and? 
thus interfere with their growth. ; 

Weedy places may be treated as already stated for heather,i 
and are best recruited by means of transplants. Twitch is got 
rid of by repeated ploughing, and hy collecting and burning its; 
rhizomes; three years’ grazing on land where it grows is very, 
useful, as finer grasses then gradually replace it. ; 

In tropical and sub-tropical countries, the dense growth oil: 
grass, frequently exceeding six feet in height^ is one of thsl 
moat serious impediments to forestry. Such grassy tracts ar^ 
burned annually, the fires extending for miles, and wherevacl 
the grass borders on forests, or in the form of savannah ii| 
intermixed with thinly stocked trees, danger from fire occui^ 
Juring every, dry season. 


a 


2 . Ilalf-shadebearers. 

i'\T^se are all woody plants, except ferns and mosses. 

(o) Blackthorn (Prums spinosa, L.j is common on mois» 
loamy, and clay soils, and on marls, and ascends to 8,0(X) fe^ 
p mountains. It stands frost, better tlian hawthorn, ahcti 
^place's it for hedging in very frosty localities. It sends oafs 
fflpts and suckers, and has a spreading root-system, and doe^i 
g^ch harnt iP regeneratton areas^and among coppice. It iaf 
to dig it up by the roots in clearings, or cut it bat^ 
^Veral years before the eof^ice is felled. 

: ..Arable f®kW». .'AwticorM, X'.fc There, . nuroMfeS^ 



^ SiuB Sp 6 C 16 B} umvjiiwr^ 

pishes, the latter {E. caeeius, L.) l^rowing in moister Itxsalitii 
1^ the common blackberry, ■which prefers well-drained soi 
ind hedgerows. 

g^rambles frequently cover large ar^^ in fresh and moi 
Ws, sending out new suckers every year. To keep dow 
ra^e widespread pests of the forester, seeding-fellings shoui 
Se dark. Admission of cattle is also useful. In case there I 
i deiise growth of brambles on the ground it should I 
trampled down round juants that require protection, or 1 
beaten down with a billhook. Brambles shoifld be cut as litt! 

possible, as this only increases the production of sucker, 
Plants which they are crowding should be set upright, an 
^eir branchlets placed over the brambles. If this be don 
earlyin the summer then little will be needed in the autumn; bi 
it may be necessary to repeat the operation the succeedin 


^ear; by the second winter, the plants will probably get out ( 
feeach of the brambles. Cutting or digging up the brambh 
^expensive, and not so effectual as the above procedun 
^ere a reproduction area is overgrown with brambles, an 

P ere is little natural regeneration, it will be better at once t 
ant up the area. 

(c) Easpberry {Evbmidaem, L.). This grows chiefly o 
^rtile but stony soils rich in humus. Its habit is strkiglii 
^pd it does not produce such dense growth from suckers a 
fihe bramble, but may become dangerous, and should then b 
J^ated similarly to the latter. Grazing has a very re^essiy 
on the growth of raspberry canes. ' 

' d. Baw(hwn {(kaia^w . 

fc^wthorn is not particular about locality, and is widet' 
up to altitudes of 8,000 feet. The rich shoots ^ii 
P^sive root-system of this slow-growing shrub; which attaSi 
^i^ht of 20 feet, are destructive to young eonifers, but ^ 
9 ^te open to grazing if raoteets oak; ash, mpfevand b^l 
poadjeaved trees until t»Jr have grown abhys it; when | 
i^rnu a^thori!^^d6fence, afoiip(l thmh rmtU they‘ are' 




PSB'ffiB^SsSiVora afitf Mher tehetnies., 'Wtoeit is' hamMj 
|b yorag growth, it shoald be dng up or cut back in cleaning^! 
!»nd thinnings. Various thorny bushes in India similarly 
^fllford great protection to bamboos and other valuable specifta 
grazed forests. 

e. Other Shrubs and Hushes. 


The wild gooseberry-bush (Hibes Grossvlaria, L.), elder 
^Smnhucus), guelder rose (Vibiirmm Opulus, L.), wayfaring 
tree {V. Laniana, L.), the spindle treei^mn^mushtropaeus, L.), 
■and privet (Liyustnim vulgare, L.) are widespread, the latter 
and Viburnum Lantana, L., chiefly on calcareous soils in hills* 
None of these plants are, however, particularly hurtful to 
young forest growth, except the herbaceous dwai'f-elder 
{Sambucus Ebuhs, L.), which grows in masses from rhizomes! 
m damp places. Daphne Mezcreum, L., is a small shrub 
growing in hilly and mountain woods on damp soils, and is 
highly poisonous. 


/. Forest Willows. 

Sallow (Sedix Caprea, L.) flourishes, especially in beech 
woods, on fresh soils in plains and hills, but will also grow on. 
dry soil and in mountains up to 6,500 feet, attainmg at tinl^ 
&e dimensions of a smalWree; it sends out numerous stpoll: 
shoots, but has a shallow root-systeiOi so that it may be easrif- 
pulled up by the hand, as well as the other willows menliontp 
below. Its heartwood is bright red. 

Sallow takes root anywhere,.even on exposed rock, ain!ffS 
l^ows about six feet in height in a single season, so that iti^ 
ixtremely injurious in young plantations. 

cmerea, L., a variety of the sallow, is a smaller plttpl 
j^a shrubby'.nature; it sends out suckers on damp soils an|K 
Ijong water courses; ascends to 8,000 feet. 

uwito, L., resembles the sallow in its habit, but sSt^ 
^t suckers; it ascends to 5,000feet, indifferent to wet or dry soil^l® 
re^ue, L., is a sm.^1, straggling bush; growing ehieflyl 
^Hurfy and heatherl^pd also.near swamps; ascends tp: 
feet. 

’i'iikll these willows when hurtful to forest m-owth shoald hf 



ff. Axfen {I^epulus tremtna, it.). 

Aspen is a tree which is disseminated throughout Europe,! 
xcept in the extreme south, up to 70° N. latitude, and 6,000|,| 
altitude; it is often very hurtful to valuable forest plants 
^ng to its rapid growth and abundant production of suckers, | 
'ije roots of a felled aspen, which spread far from the stump, I 
k»e to the surface of the ground, remain dormant for yearsj 
fter the parent tree has been removed; they then send up- 
Wmerous suckers frcan adventitious buds after the wood in' 
rhich the aspen formerly grew has been cleared. The aspen; 

) not particular as regards soil, but can grow on cold, wet 
oils, and is frequently found in frosty localities, as, foy 
istance, on the London clay in Epping Forest. 

The aspen is also a host for an injurious fungus, Mekmpmra 
’'remulae, Tub, which, in the forms M. Pinitonjm, Kostrup., 
nd M. Lands, Hartig, attacks pines and lai-ch, and will be 
escribed further on (pp. 444, 469). 

ij.Cutting down the suckers is of little avail, nor is extracting^; 
Si stumps and longer roots of felled trees, but girdling ^ 
^nding tree gradually dries it up and in about two years’, 
invents the formation of suckers. The tree may also be felled 

^ut three feet above the ground, and the stump barked. 

■ ■ ■ » 


. k Bilkrrp ijracmium Myrtillm, L.). i 

' This is a smalt shrub attaining 16 inches in height, and! 
:Vowing throug'hout Europe up to 5,000 feet altitude, in masses,! 
fresh, damp, and even somewhat sour soil. Its seeds remaim 
|wo seasons in the ground before germinating. It may alsiS* 
on dry sandy soils, but not on calcareous ones. I|i 
a slight shade, especially of pines. 'Whenlt appears isl 
it deuotes insufficiency of stock and deterioration iqf 
and the surface-soil becomes choked with its roots. Itkl 


cowberry (Vacdnim Viiis-IdMei, L.). is an ever 
attaining 8 inches in height, and ^owittg on I 


aaiidy soils in high, c 






IMcull^ 6t aHificial reBtoelcing. There is then itio alternative 
but to take up these plants in sods, beat off, in situ, all the soil, 
attached to their roots, and remove them. The cowberry plant 
Is also the host, of a fungus that attacks silver-fir (p. 419). 
Planting is better than sowing where bilberries prevail, and 
eipruce is the best species to plant on soil that produces them. 
»; T. nligmosum,, L., is found on swampy land and mountain- 
tops, and the cranberry* (7. Oxyeoccos, L.) in patches oh. 
peaty soils. Both species are unimportant to the forester. ^ 
i. Ferns. ■ 

The commoner,kinds of ferns found in forests are: 
podium vulgare, L., Beech fern {P. Phegopteria, L.), Male 
fern [NepUrodkm Filix-mas., Hooker), Lady fern {Asplenium:} 
Filix-faemina, Bantham), and Bracken {Pteris aqnilina, L.). i 
, The above prefer damp and stony ground, and theiir: 
appearance denotes a fertile soil, as well as a slight opening 
out of the leaf-canopy. They spread above and below ground 
pften to the prejudice of young forest plants, by causing 
excessive moisture, and depriving them of light, and by being 
pressed down on^them in a rotting state in winter by the 
snow. This frequently kills lightdemanders. Bracken ofto 
covers wide stretches of deep sandy land, but its sub-aeriab 
i)arts are extremely sensitive to frost. % 

In the ease of bracken, the best plan is to knock off the s^ 
young shoots in early summer, which can be done easily wil^ 
a; slick before they have unrolled. This injures the rhisomesij 
lie that only weakly shoots are produced, which may be knoc^^ 
or neglected. Dried bracken is largely used in England an|| 
jisewhere for litter, and in tlie Forest of Dean, repeated eari^ 
ieutting, in August, instead of October, has greatly weaken^ 
^ rhiromes of the plant, so that only a short-Jweak crop i^ 
l^odnoed, as compared with that in the Windsor and 
iPbrestB,.yfhbre it ia cut later in the autumn, 
h. Mosses. 

!.■' Two, out Alt -42 species-pf Polyrtrichum, are liurtful moss^ 
^famon in .feints: ■ Fg^rickum eommme, L., and P. 

^njtt, Hedw.'‘ ^hefc>>®& produ^s dAhse.rKmvex tufts 
^■ansi'-aad - ASefc listtofed.. ' 'These ‘ tufts, 






ilf'ft distance' 

^6 paler and branchy mosses,’Hypnwnj and Hylacomimn, Whiofi| 

1 a useful soil-covering in forests. They are chiefly foua® 
forest, and especially in spruce woods, and do harm*^ 
l&y favouring escessive moisture in the groxmd and injuringj 
|fce germination of seedlings. The tufts should be turned;; 
mm and broken up. ' > 'I 

The branchy mosses that form tho, normal soil-covering in j 
TOnifei'ous woods (about 123 species) may become so thick, ak’^ 
B'render the soil too moist for the germination of naturally;;|| 
pllen seed. Or they may be tall enough to overshade naturfti:|! 
^dlings. In such cases, the mossy covering should be^ 
|;emoved, so as to expose the mineral soil. 

3. Shadebearing Weed). ^ 

I',' These are all woody plants. Alder-buckthorn (llhumnnt ;; 
SFraruixih, L.) is common throughout Europe on damp ground, 
chiefly in lowlands; it produces many suckers, and is 
much by birds which eat the berries. It is used for 
er-cbarcoal. 

KThe common buckthorn (U. cathartiais,^L.) is a thorny 
n^ub with spreading roots and many suckers, found on 
pmilar soil to the former, and along banks of streams. 
fe.Both kinds are hosts of a fungus destructive to cereals 
^. 418). They may be dug up during cleanings. '. 

Dogwood (Cmiu sanguinea, L.), on fertile moist soils,- 
£oends to 2,600 feet, in mountains, and sends out nameroufj' 
ol shoots. The wood is used for. skewers, and was former!^, 
Bployed for arrows. , ^ 

j|Holly (Ike Aquifotimn, D.), a large evergreen prickly shrul 
^mall tree, found chiefly on good damp loam or loamy sand s 
^pices wdl.' Where it abounds it is possible to ptitaton^ 
^ trans^ilants between the holly bushes, and the !a^^ 
ooneteinlly cutting back, -until, they are no'long^: 

, makes exodlenii; 'h^es,; .hWi^.-roqui);;^ 
tumps-It'is calmphobous tis|:?ew’ei^h(!*l^t., ^ 
^a hei^t of 80—40 in Britain, butofl)^ Cwtu 

ffft.. 
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ftfid ehuroH dSodiations at Christeias, a&d as a sign before a 
Ittblic-house. Birdlime is made from its cortical parenchyma. 
' Butcher’s broom (Ruscus aadcatua, L.) grows in dense woode 
|n the south of England, it is unimportant for the forester. 

); Nightshade (/Sofanawi Dulcamara, L.), a small shrub growing 
& shady, damp, lo^ands and along banks of streams, climbing 
Ip ^ 10 feet in height on pollard willows and osiers. This 
plpnt, as well as S. nigrim, L., which chiefly grows along road¬ 
sides, is highly poisonous. 

! Common juniper (Juniperus covmunis; h.) is a coniferouB 
shrub widespread all over Europe, in plains and mountains, 
up to 6,000 feet in the Alps. It is very hardy and indilferent 
to soils. It spreads owing to thrushes which sw'allow the berries; 
Elrows well in the open and also in dense pine woods. Thil 
jpecies and J. Sabina, L., are hosts of fungi that attack 
Pomaeeae (p. 419). Should be cut down or pulled up when 
iangerons to young growth. 


Fewest Weeds of Wet Peaty Soil. 

To this group belong the numerous species of the following 
jenera. ' 

Bushes {Juncus, L.), (Scirpns, L.), Cottongrass (Eiiophonm) 
L.), Sedges (Carex, L.), Beeds (Calamagrostis, Adams), ah| 
Uarestail (Equisetum, L.). 

All these, except the last, may be termed half-grasses, a^ 
liey all form sour herbage, and are chiefly found in lowland^ 
>r on,peat, and are somewhat lightdemanding. Equise^^ 
ptvense, L., is a troublesome weed in somewhat wet sai® 
|)am in forest .nurseries, its rhizomes being deep down in,^ 
^il, and their extraction requiring deep trenching. 
f Sphttgmfii. Several species of this peat-moss exist and grijiii 
piiefly'in tfee, open^ in opposition to Potytriehum, which grth^ 
^der co^- T^ey are most dangerous mosses, producih^ 
1^, and straitB|>8, and rendering the soil unsuitable for fore® 
^wthu: They diseha^e t&ir spores with an audible sound.,,) 
rThe iayarioh 'pf spar hmb^e and peat-mos is best kepl- 





jJ^,.the leaf-<»nopy.; If a swamp has b 




weMS, aiter'a forest crop has been cleared', ash aii^ 
alder should be planted instead, 
oak aqd beech, the swampiness disv] 
appearing after the forest growth has 
been reconstituted. 


5. Lutnes. 

The first three European lianes given 
are woody, and the others herbaceous.. 
The shoots of all lianes should be cut 
repeatedly below the ground till no 
more appear. There is no necessity to 
unwind the twiner, unless it is a woody 
species, as it soon dries up after being 
cut from the root. 

(a) Traveller’s joy {Clematis Yitalba, 
L.) is widespread throughout lurojw, 
chiefly on hills and mountains p it is a 
half-shadebeatjer and attains a height 
of 20 feet, climbing up stems, bushes, 
and rocks. The shoots may strike root 
whereever they rest on soil, and the 
plant sometimes grows in masses and 
is dangerous to young forest plants. 

(f>) Honeysuckle or woodbine {7.on»- 
cera Perielymenum, L.),b twiner growing 
in hedgerows, edges of woods, and jnsidti 
woods throughout Western Europe; it 
is found on damp soil and chiefly in 
lowlands. A half-shadebearer, twining 
round saplings to a considerable height; 
and thus producing mis^s^en spin^ 
stems as in Fig. 128,,, If no, suifobl^ 
stems -are,' ayaiiaJ)|fe,,.it 'eoVere .ti^ 
groaB|i, mid, • ' h^l«c^l(9us plwii 

growing oh ii It dopa .dsimaj^ 
’.'la, 



198. ^ Woodbras 
iqjjnUy iwiBd a 
iqiiw B»d 




Has iSodnie vild in certain localities further northit 
similar habits to the former. 

-;(c) The common Ivy {Bdera Helix, L.) is widely distributed 
mid extends over the milder parts of Europe, Northern Asia, 
ijtto India and Japan, and North Africa. It climbs trees, rocks 
irid walls by means of jts adhesive rootlets, which however 
suck no nutriment from the host on- i^hich it is growing, hut 
merely support the ivy. The smaller forest variety is said not 
to flower, and sometimes covers the soil of a forest. Ivy^rows 
Pway from the light, except its blossoming shoots, which have 
Undivided leaves and grow towards the light. Matthieu* 
considers ivy hurtful to forest trees by interfering with the 
passage of the sap, and by covering the crowns of trees witji- 
its foliage, and it certainly, at times, like the honeysuckle,, 
constricts oak and other saplings and poles. The* ivy, 
however, rarely ascends higher than the middle of the crown 
of a growing tree, and may be useful in preventing the forma* 
tion of epicormie branches on standards. It dries the surface 


of walls on which it is growing, and also the soil when creeping 
Over it. Ivy sometimes attains very large dimensions, a plan^ 
at Montpellier being 450 years old and 9| feet in girth. 

(d) Bindweed [Convolvidm, L.): C. ancnsis, L., chiefly! 
found in fields and waste places; C. senium, L., in hedges ah^ 
thickets. Both species are extremely troublesome in nurserii® 
and in osier beds, as their deeply ‘ seated rhizomes fill 
ground, and their shoots twine round and bear down tlie youfl^ 


;; To deal with these pests, the ground when bare should.;^ 
drenched, and the soft whitish rlSzomes of the bMiw^ 
Collected and bained; It is dilFicult to do this thorongHTypiS 
|be roots go down to 18 inches in the soil. . ' , 

k &ack bindweed (Polygontnn Cmvokiilus, L.) is chM!^ 
found in .fields and waste places, and has similkr habits to th«i 
!^ve. it 18 however an annual plant, and injurious only ifi 
Ittprseries. 

p (e) WM (ffUnMdu 0 Lupiilus, .The hop is found ifi 
ptees, ,in. lo^lMids;; it twin^ ifipiaright to left 
«Dodv llinni ilnmn:' * alone'M 




irffliniM. “'Hops are injnnOTis m osier beaS Md la' aH^3 
'ppice^ They should be dog up.. 


6. Paratitic phanerogams, 
a. MisMcs (Viseum allrum, L.}. 

This interesting plant lives as a gemi-parasite (obtaining: 
irbon from the air, bu^water, nitrogen, and mineral matter 
'pm the sap of its host) on many conifers and hroadleaved, 
jes, and chiefly on their branches. The hosts, or trees OE 

which it lives, are, mo^ 
^ . I frequently, the apple tree, 

\J and cultivated, 

\ varieties; next, the silver- 
n/J I > frequently, birches, 

poplars (except aspen),lime8,, 
looun- 

tain-ash, and hawthorn; 
occasionally, robinia, maples, 
'W^l horse-chestnut, hornbeam, 

S^V It ia very rarely found on 

H oaks, but has been observed 

^9 on pedunculate oak at Thorn-; 

* bury, Gloucestershire, and 

■ elsewhere in Europe, also 

, , , on Quercm cociinea, Mcench., 

. iSymWvtoeCw). ^ a«d G-, pfllwfTO,,, Mcench,; 

^ ' The alders, beech and sprucp; 

be always fiw from mistletoe, and it very rarel^; 


always fiwfrpm mistletoe, and it very rar6l|^ 

IlM compOner in Southern Europe than in the North, antf^ 
atremely abundant where cider is made. In the N.-V,-: 
i^dayan districts, it is frequently found,pp apricot trees.) 
dE^are theoodimoneBt friiit-trees there.. 

^';i^e-l»rri^ are eatai l^.;'hirds,,chi|p0y' hy.'flie missplj 
ttsh^ai;^ vi«iroriM,di.jj iftd Sip peeds are Pi&er.nibht| 
ie^ l^k 'a ^Bgt ,hraim^, pt'.iirpas, 'dr ypi<^;^^|d;^ein; t^| 




the bark as far as the wood. It also emits lateral 
^oots, or eortkal root», into the bast, chiefly in the longitudinal 
direction of the branch of its host, and these do not grow down" 
Into the wood. The growing 
|ioint of the ocatical root oh- 
teins nourishment from the, 
bast, but does not injure the 
bambium ring; the cortical root 
•^nds down as far as tjie wood 
iresh sinkers, which also absorb 
nourishment: upward shoots 
'from it pierce the bark into 
the air; these, like the original 
Bub-aiidal shoots, ramify and 
become covered with foliage,, 
and bear fruit. The haus- 
toria elongating outwards like 
medullary rays become deeply 
embedded in the wood of the 
host by the growth of the 
latter; thus the older part of 
the cortical root gets gradually 
Striven outwards by the growth 
of the bast until it is cut 
jpff by the formation of 
■&tky tissue within the bast, 

;jwhen it eventually falls off 
imlh the older hark. The' 

S^bkers thus losing connection 
|Wlh the living mistletoe die 
jinside' the wood by which they 



Fijj. 200 llurtig).—E 

reproseuting the growth of the cortic^ 
root and sinkerH of mistletoe. 
terminal point of the cortical 
is close to the wood. The growth ,'«c 
bast (A) drires the cortical root uearfit, 
and nearer to the outer barlfl^(e) 
sinkers, corti^ rwt of 
has been cut off for several yean 
production of cork in Uie bast. 


^e gradually surrounded. As 
tihey are fcrmed of soft tissue, theyiisoon decompose and; 
.i!^entually,^|^jp«ar, leaving a series of holes in the wood. ,1 
I-' ^is'dphg of the cortical root is quicker in the ^Is pii^ 
ipfan ig’%e sSver.fir owing to the earlier formation oi 
biljraebarh, ip M 




'to' fc gappljr'or''®ro6hylt»,«';S^ 
^baorbed by it, produced partly by the mistletoe. WhMe only 4 
^^ncb is attacked, the damage done to forest trees is not worth 
^pBontion, but when this extends to the stem, the wood becomes 
2|^hnically injured, being no longer suitable for timber, and is 
EJSble to be broken by the wind. ' 



Fig. 202,—SUv^r-fir 
ivtiod perforstod hf 
mistletoe, liaus* 
toniitofivbichh&fd 
beefl «feBorbed. ■■■!■ 


ft 201*— (w) attacked by mistietoe 7«»)i. 

'.'V .tL-i. /«_ii-1_• 


■ n ' {Natural8m.) beeflafeBorbed. 

U 

'E^tousive damage is thus sometimes done in old Scots piri| 
ii &ker-flr forests, owing to neglect in removing infec^ 
in the thinnings; neatly every tree iti'a eompartme^ 
be attacked by mistletoe. N v', , 

^'B^medial meaenre, pruning off the mistletoe is usel^ 




' iSBii'ISr,' OTt’'ddfe' iSfeoiwT’freda'if 

^ thinfiii^s. For fruit-treea, and in nurseries, tie form^ 
^method sl^ld be adopted. 

!"■ Mistletoe makes good fodder for cattle, and for roe-deer itf 
(winter. Steamer loads of it are sent from Normandy t(| 
•London for Christmas decorations. 

i. Lorantkm mir<f/)aeug, L. 

This species attacks chiefly oaks, Que.rcus Cerris, L., 
«eB$iliJU>ra, Saliab., less 
frequently, Q. peduneulata, 

Ehrh. and Castanea vrd- 
garis, Lam.; also lime. 

It is found throughout 
Southern Europe and as 
far north as Saxony, not in 
Britain. It grows chiefly 
on the branches of stan¬ 
dards over coppice. 

The main difference 
between the growth of 
this parasite and mistle¬ 
toe, besides its outward 




Figa. 203 and %Qi,—Xor(mHm eun^mm, Jacj, Pig. 203 redaeei. 
Fig. 204 naUfTfU tm. 


appeamace. wren bright yellow berries, is that the laterfffl 
i^oots of the first hmstorium occur in the cambium 
fapwood and .not in the bast, and continue to grow paralli^ 
;|d the woody fibres;pf its host, sending out no sinkerM 
IChese ahoo^ t^Himnate.m * wedge Siftt lodks as if it splitS 
■^<9 ;.WOod • ■fe' ^commenement dihwfi 





















jo varioiis IpiraeB of, forest trees* j jilieSe they Beric>h^y^;^$ 
'ortonately, infected -trees are not generally foond ^ 06 i- 
ifong the borders p| a fdrest. Infected trees shoold be e« 
ttt in thinnings. Afceuthabmiii Oxyeedri, M. Bieb., is a siff 
rranthaeeons ji^site, on JmijperuS eMehtt, M. Bieb., in' 4® 
LW. Himi^W.i also'on a'i^iper in the French 
.lgeri%:^Ad:i^ Jdamir ;/dlsa several pine8,,«i 
t often Mils its host. 


t. IMd^r (OmcuA^ Totzmef). 

mere are several sjwies of Cueevtta, of which C. ISpithym^^ 
i., is the commonest in* Britain, .growing chiefly on fd^- 
lyme, ling, etc.; and also on clover and lucerne; whilst'i,- 
}pilimm, Weihe, chiefly grows on flax; and C. europcm, p 
n hops, nettles, vetches, etc., and also on many trees d**- 
arubs, such as hazel, willow, poplar and blackthorn. .,f 
The various species of dodder germinate in the groan*r 
at speedily die unless they become attached to weeds J 
gricultural or forest plants, on which they climb and 
own to their woody tojidles ,by means ol 
acker-like roots. •, 


■ Tlie plants attaosM ny tUffie parasites are kttled;5g 
pakened, -or bent down by; the weight of the dpdder^-«Jj- 
Ipph damage is thus done* in India to small forest^„j%^ 
^ue-trees, and to fruit-trees. 

fjOi European for^:pl^ts, osier-willows suffer most, ai-f 
|iOi^l growth i8;'p^Mfi4^,at places where the haus^- 

thus '-rendering 

ca^ of .p^mirarai crops^ care snopid »e tasen 
‘ ’§^j)^^'dddder-,e^-:.:l!i0re :^ 

'. '-'I • V ♦I'i'j* • 4 *», '-Jl. V '■ 






' Uw grouhd. Hares spread the ihlectioh 
Sudwiti^ the'’ seeds arid passing them nndigested on Ip f 
narid. ■ • , , 

'^ dodder spreads from totest plants, and hedgerows wher| 
veig? frequent, to orbpSj, its destruction is urgent frc^ 
■MTes oi'generarutiUty.'C^i 


Sie common barberry-(Bcrben* wli/aw, it.) fs .a:'Bhr^ 
’.iely spread over Euro^, both in the lowlands arid: mouh*| 
ins, and generally along the edges of forests. It grov*! 
en on poor sandy soil, soon attains a,height of 12 feet,‘‘and 
ads out its deep root-system in all directions. Barberry ii 
hurtful as the host of black-rust {Pueeinia framiniHl 
that attacks wheat and other cereals, and should there^ 
U never be used to form hedgea Its use for this purpog^ 
-S been prohibited in Prussia since 1880. . 

^raminie, Pers., forms yellow lines of sporan^ 
|;lhe, blade of . wheat and other jrasaes which afterward! 
yS^reddish-brown, and in this irajyihe nourishment of ^ 
,4ll8' dtlBcked is intercepted arid ; the: crpp reduced. It liw 
'the ;fork',fewa..,as';;d«cidphBcrbmdM,‘^ 
;|^kes ol Serberit, or Mahi^i A spores of which fajll^ 
grasses hibernate as P. ^raminitj M 
^'^0&\§i|cjhii%4rif66t‘ihb'barberr^^^ 'sh S“*. 
'aj'OTdvm-riistJ'-B- ;coro««i^j£,'t0)rd^jj-ifech -Siletj'fdEfil^) 
- 5 - on careAUt'idnd'espeoi8lly-rin^^Piife'i’»ti«e!''i^^ 
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The aspen x^oj^mui iremuia. ii.) nas its leaves infecMad wi| 
a fungus, Metimpsora pimUyrqm, Eostxup., so that its folia; 
may appear quite golden-yellow in August, and then rapid 
fall. The sporooarps of this fjpigns on aspen leaves event! 
I^By turn ;d^ ,:browp,^W^ fallen aspen leave 

A^ . ejtor^'W and Jar^ 

l^th the fiingf. - The alternate forms 1pp. 4’44,470) on , 5 ^ 
^d larch he/deseribed in the next chapter;,; . •*'' ? -Ivfl 
FaccMMUBi' Viku-ldma, Ij,, acts as host ‘th Afeto^^ 
li7<tlypto«por«) (ioeppertiand, which, growbg on % 

ftem of this plant, develops spores infecting the needli^.’! 
^ver-fir with Aecidivm columnar^, Alb. (p. 462). 

Species of juniper form the alternate hosts of 'sev^ 
ipecies of dymmsporeoigiim, a rust-fungus attacking se^ 
tomaceous species: ,, ‘ 

Oymnospormgimi clmariaeforme, Jacq., infects the eommo 
^niper, audits spores subsequently attack pears, hawthorn 
I whitebeams (Pj^m Aria, EhrL) 

Sflbwae, Winter, a%, the common juniper and, 

^’rin (iwnipsrii* S^m, Ij.), also occurs on pear treblt'k^ifS 
^.^confuetm, Plowr., spreads from jumpers;. 

^laTs, quinces and hawthorn. : * ' 

‘i;]0.JuniperiHim, Winter, dosnrs.on rowan 
^rte.), and perh^ on apple 
^^ies pf star^bpli and Cc/wteW' are 

pTia'f ;;-sByer^r canker and -witches-hp^ 






'&es8 las clasBifi^ forest weeds as very injtiidmis, 
ast injurious. As tfae amount of harm that weeds oce««i(m 
ries greatly with circuiaatanoes, it would appear to tei 
.:$cient io give tHe. Ml^&g list of the most injarlpul 
weeds:—. 


Woody Plants. 


Broom (To conifers). 
Heather. 

Brambles. . 

Aspen. 

Bilberry^ 

Mistletoe. 

Loranthus. 

Blackthorn., 

Forest Willows. 
Birch. 

Honeysuckle 


Hebbaceous Plants. 


Grasses. ' • 

■Bracken. 

Sphagnum. 

Dodder. 

Bindweed. 

Epilobium. 


[weeds, wien ^pwing in, passes.), 



CHAPTEE n. 

BEOTECTIOir AftAINST FtTNOI 
'* Bimxm L*—Gbnbrai. Maoim .* 


1. Pomtionef Fungi in the Vegetahle Woi'ia. 
Pbanib belonging to the lowest division of oryptogambs 
)J[antB—which is termed ThaUojjhifta, and includes amod 
other families bacteria and fmffi —have at most only rudimeii 
tary differentiation into stems, leaves, and .roots; and conS« 
pi cellular tissue, which may, however, in certain cases beooA 
hardened. ■ S 

Bacteria—^termed also Schisomyeetcs, or fission-fungi, froi 


itheir habit of constantly dividing to form new cells, are plwij 
(ionsisting of. cells the diameters of which are usually consida 
pbly less than 5^0 of a millimetre. They are parasitic t 


paprophytic on organic substances, and under certain cond 
^feons may multifdy enormously in the blood or digestive, orga| 
men or animals, and cause highly infectious diseases.]^’ 
cholera, malaria,'typhoid fever, etc, 

3 ;;Marshall “Ward has published some papers 
Pefings of the Eoyal'Society ” proving t^t sunlit 
Bcial to the-growth of bacteria, rthich cannot therefore 
iia:Ot in the young sub-aSrial organs of forest plants; 
^isteiia, however, according to HarMg, cause bulbs andppft| 
Ihfers to tot, yet he states tha,t . the only disease in Eurofe 

Trat-boakV ftaht-diaesses ostwed,!^- 
Ottcfcwortb t Go, 


, eBeijce.-ia the BO 

-S'’li^pO»ag „ and', _diss 0 lvillg, ; ;.-7,J,. 

|:p«6!»:forMt idil when exposed for some aef(^ 

•vi||i4i suiils ;:r8ys beeOMS.lieee fertile Hiasi fheii'it e(^‘ 
sheltered hj trees is'ift complete ace|eri^8e^ 
reseaiishesi^^-*■•', ■■'''' ■'-ji’ 
%;:already stated,^swteria, and certain aS; ^fSl, al^ 
•liSct forests by killing insect pests in enormous numherei 
sS drily thallophytes which cause serious injury to planfe 
e fungi that are devoid of chlorophyll and therefore obtaiu 
dir' nutriment from other dead or Uvin§ organisms. Ip 
k former case, they are termed saprophytes and in" the 
tier, parasites. Another class of fungi obtaining nourish- 
ent from humus, but becoming attached to and renderin| 
imormal the roots of many trees and shrubs, deserves, notice 
ungi growing on the exterior of other plants may be termet 
.ipKytic, 

%fae number of known fungi is very great, over^S,000; heri 
•!}y those which affect the growth of forest plants will hi 
ittsidered. 


% 


J^lassifcaikm afd Importance of Fmp from, a Forest 
Point of View. 
a, Saprophytic Ftmyi. 

saprophytic fungi live 6n dead or dying oi^afi^iBS, thi 
dBase hat follow Or accompany, 850 alread 

ased condition of their hosts. ..Portririately, ^C mSjorit 
idwm fungi belong to this, class.,;, Fungi thiftt are wpd 
j^ain''(®r^n.‘eases, 



. Jnngi tue family r«6«wcw 

undet^puud ‘mjcplia .m 
:^U8 Tm&:Mniuisi and thus cover, the roots of €iip^ifer0i 


itnifers, willows, limes and other plants, to the exclnsidn di 
modification of their root-hairs. This altered root with i^ 
^stted coating of mycelium receives the name i»ycorW«o, ah* 
the fungus has the power of absorbing nutritive matter fycst 
the soil and conveying it to the roots of the host. These fun^* 
do not in any way injure the plants on which they grow, hh 
feed them rnore richly than the plants can feed themselv^ 
by their own root-hairs, in the absence of the fungi. Edit^ 
truffies belong to this family, and are commonly found in, oat 
forests in the South of England and the more •southern p^ 
Of Europe. 

^ The study of fungi should he followed as carefully by 
forester, as that, of injurious insects, although the dam’a^ 
recognised as dona to forests by insects is much greater thai 
by fungi and the remedies against them are more effective 
it being ’often difficult, if not impossible, to combat hurtfu 
fungi. As,, however, no remedy can be devised withoa 
'studying the causes of diseases which break out among fores 
'trees, the importance of the study of fungi injurious jo Mi 
f^ees must be admitted. The forester should he able 
'j|fhether,any fungus is the cause, or merely a^conseqtteo^f 
^ disease or injury; he must know how to observe phenoitec? 

^rests, and should hand-over the specimens he'ii^ 
§|3eci fc be examined by mycologists. . * - ' 

The treatment of the question here adopted is thhrS|% 
§^reiy^from a forest point of view. The anatomy and phyr^ 
%f fungi should he studied, and a knowledge of myotfOp 
j|'"^rB«ppo^,f »$• few rejnarks on the life-h^tory and 

however, advisable, and tt short, aood^ 
























to’C: '.ift' -Qgrtam oases may 

-;S;t-^)r '4 ye^; jCoiiidia and carpospores gd^^inate-whe^ 
Sey .jneet yriA iavourable conditions of temperature an| 
-^itoisture; ,it may be laid down as a general rule, that coni(%^ 
^ierve to reproduce the fun^ in great numbers, urhile thi^; 
carpospores carry ou the species oyer winters or prolpn^^ 


you .- . * , ■ , 

diy seasons,., > ' , 

V Fungi do not usually require the same amount of heat t 
the higher plants for their development, and their fructifyip| 
organs are usually most numerous in 0|teber. As alread| 
stated, they may be either saprophytic I& parasitiCj whild 
gome fungi are' epiphytic, living on the epidermis of leaves q? 
shoots, and merely piercing into it from time to time wit| 
dejieate minute haustoria, or root-like ramifications of. tj^d 
iyphae, which are devoid of any root-cap. The m.ycelia!(^ 
parasitic fungi live ou or in the tissues of living plants ^ 
animals, their spores gaining admission into the former throug| 
wounds, lenticels or bark-cracks, or through the stomata | 
leaves or young, shoots, or the soft growing points of rootai 
There they germinate, and emit tender tWn-walled, generall| 
colourless hyphae, which, when very young, are filled with 
protoplasm; but cell-sap or bubbles of air soon occupy pc^ 
of their lumina, the protoplasm then merely lining the 
of the hyphae or passing into younger cells. Oil may;:^ 
found in the hyphae, especially when they pass thr^ 
i;s|UTO of the host which are rich in J'Cseiwe-material. 

jg^j^quently of a golden-jcdlow.oolour, as in many kfflidfeg; 
luwtc^'leaves or ahootdVi* 

•<'|.’|e.'h:^bae gyow by theijr apice^and their terminal 
-^;e always rich in ^otopkasm.,' In jle case of parasitic fui^ 
3d %phae piiay grow either in ap? in^’cellular manner betw^t 
w'ti^ue eiWents or in the rem-ducts and other intercellulp 
'^h^'ipmeiy siding their haiistoria into the lnmind.,nf 
..■^jf'l^.hj^l^'arefur^ 







older they may W msideratly 
liottrk brown or greenish-bine, as in rotten ^raijO- oEb^S 
^d. Sometimes the hyphae unite into eoinpaot bundles with 
walls, termed rhmmorj>h$, which resemble roOiis, and 
^ to carry the myoelia through unhtttritiotts or dry medE, 

^^soineiimeS uiife in^ small tuber-like' Ik^ids ■" termdd 
Which have thick cell-walls, and are richly; kppli^ 
ith protoplasmfand oil, and, as in BoseUhiitt- .quei'ciM, 
^ Hrtg., may reOTU for some time dormant and resist desiu 
|aon, but under favourable conditions develiJp new mycelis 
r sporocarps. 

^ Ih this way the mycelia of parasitic funjgi Ifee on the tissuet 
id nutritive material of their host, and interfere with ife 
inspiration and assimilation; they also dissolve the cell 
die and their eonlrats, often causing h^ertropJip or exeessivf 
tination of cells, and chemical change in’ the cell-wall. Ii 
I Etter case, they cause the death of the host. Insectf 
^uently attack trees which have become weakened by fungi 
ventuaUy the fructifying organs, which are characteristic foi 
^ species of fungus, break out on leaves, twigs, bark or-fc 
0 soars of dead branches, sometimes through perforatiohi 
aide hy bark-beetles, sometimes on the roots of the host, 
t rhizomorphs,* as m AmUlana mciicoj^ahl. Innntherah|S 
ores issue from tho sporocarps, some of ,whicih hud' 
de rMtin^-pl^;^ smd tfaefun^s-life recomineno^^^^^ 

t|ea;' life; 'pl^pieS'd^ 

^w.^taontto of wero. ' In, the cas6:'^;|Ml^Sj>!li!E'’te^ 





libese fitajgei,' ^ the case of any species, is considered to be 
■at which hears’ sexually fructifying organs or their equiva-? 
■ats. I'ungi,which thus grow in different fotms on different 
osts are termed Weroccioiw; some, however, go through all 
•eh!'fpniiS.i^’'^l''Bame host. 


4. DuinSuum oy 

jfhe spread of fungi is favoured by certain cqnditiorrs of th^ 
calher and locality. It depends chiefly on heat and moisture^ 
being prejudicial, many fungi growing in the interior of 
,^8 -or in the ground. Fungi can flourish and becon^ 
hjeuerouB only und^ suitaWe conditions, so that in dah^ 
oars, and espeeially in damp sheltered localities, they thrivl 
■liter than in dry years and exposed places. Thus, in a w^ 
iiihe, Melamp$ora pinitorqua, Eostrup., is. most destructive td 
■he trees. Nutriment rich in nitrogen favours their growth, ^ 
Parasites attack not enly weakly plants but the most 
jurishing individuals. The conditions which most favour 
ipir spread^anip air and wet soil—are, however, unfavour- 
hie‘to many woody species, and external injuries of any kin| 
j trees admit the spores of fungi to the inner tissues of 14^ 
^lured teee and thus favour fungoidal attacks. Wild ^a;nig| 
:;i!eeially %heh growing in masses, are just as exposed 

cultivated pltinte- Conffeiae suffer more from fu^ 
le 








^ble of a wood almost simiiltanepu^y'sto^S symftpmc^ 
iraase. An attack by fangi, on the contrary 
jfection from one or a few individuals which are first attackp^ 
nd therefore sWts from a centre, spreading genwaUy in i 
wtrifugal .banner,, like the; fairy-rings in a meadow due h 


againti Fun^, 

^h order to prevent the attacks of fungi, good 8ylvicnltui| 
^es must be' observed as regards the regeneration anii 
pding of the crops of trees. 

The most important of these 8re^ to grow species suitab^ 
i the locality; to cultivate the plant? scientifically, and "h 
|ant strong plants and in suitable mixtures, especially b 
l^eaved trees, with conifers; early cleanings; timelj 
|nning8; pruning from November till January; avoidanct 
|;ip|uries to standing trees during fellings; ffirring wounds;' 
>.;Tof combat the individual fungi successfully, their li^| 
l^ory must be known. Special rules are;, , . ..|{| 

-|lMlation oi attacked plants by trenches; removid oi 
i^Bsed plants.j^prnning attacked branches; destruetkm 
j^ that serye as hosts for injurious fungi ; \sprS.ymiJ 
plat^'wil^;; fungicides *; removal of 

M^'ihiiedleB ohleafes,.. .All; infects material shSd 

' . . 




Jt is b^t foj'tW'iitirpbM of Fdrost Protection to diiangm^ 
iOgi attacking ddniferoos trees from those .^^cking brcmd 
■aved trees, and within each group according'to the orgti 
-lacked (ro^ta, .slsp, branches needles or leaves, or fraits)| 


'JKOOi-rangi 

Armillarea melka, Vahh 
a, Smripfdon mid Made ef Aikck. '• 

,;fhie honey fungus, formerly named Aganmt mUm,^ 
liich is one, of the commonest in the British Isles, oau^ 


wl 





























uu 

October, at or'near the' ba^ of: t}ip 
rbin the rhiaomorphe. ?| 

Fig. Mi) represents a; sporpl 
carp. Its cap varies in cdlb#^ 
. from that of hohey ,to 
. dirty brown, with ,dari^| 
hairy scales; its lamellffl a!^ 
yellowish%hite, and become;; 
later on speckled with reddi^i| 
brown. The cylindrical step^ 
of the sporocarp is at fire'§ 
dull red, and bears a floc^ 
, white ring. The sporocarp^ 
emit myriads of white conidi^^l 
which spread the infection 
other coniferous plants ar^ 
to dead broadleaved Bpeoie 8 || 
on which it is saprophytic., ?,| 
The brown rhizomorphial 
grow in all directions throD^^ 
the soil, and by m^ns.;^ 
their soft apices 
the r<»t 8 .-''ijf;' 4 :]^i|||^^£ 
plants and 'iree^’wHy ^fe 
eyeatual'Iy -lciil."V'lii^‘I^K 
^png grow%, whole grijti^ 
(jd:;plaate inay;hd&ns kill^ 
J^d eoa&derpble blapks pfd| 
woods,' thi^ 
.SStpeh :^fined 'tS 
individuki'■' 'tre^^;J."a;nd'':; 






























^.!|t6aps of^pSiits Wcih.have 'mn. attacked, so as to localiM 
^|^iniur;^ina;;|!|OTent a farther spread of the rhizomorph® 
tr^eh4 ^pttid’ be far enough |rom the attacked plaa@ 
exclude all rhfaomorphs from the.hea,Hhy trees. 


'z. f onm amo»%», jj'ries. 
a, Ikscripthn ami Mode of Altad. 

This parasite, formerly named Trametes radicipei’da,^. Hrtgip 
is very destructive in pine and spruce forests of Nortfi 
Sermany, and is not uncommon in the British Isles; it causM 
f 0 O^rpt|n the Soots pine, spruce and other conifers, and hiM 



-fehnd -oh old sftimps of birches and beech which 
^eft injured by mice, although it is .probably not parasitfe 
icroadleaved species. attacked by it are eveptdalj 


mairi.h^l^. ba die-, to. other causes, 


miA^bom tlie diseased roots, of^ 


aW from^^^w^ The colouidflE 
|tt''myMtaH'ii'&^ that of the ton| 

a^jus, resMMh^'fiBsue papery and 1s4aveloped in the b^ 
jst jwd oi':theirdes,, .; ;the walls <rf the bai 

disfi^ral^dby;' unmerO^ 


liWMnm'' 


TirtOwsiT 



|blttck spot® surrouuded b/'^ite djlow m.tlie 
dwfti'dly Uie laycelium penetrates^racks 
^ -^-smaU yellowisb-jffhite tufts. ■ 

||p,,8porqcarp8 are cfeefly on tlie root*Sto&; buli^lsp;^ 
'either feilSie form of inerastatioas or a^ses Iw 
|te^^aotr-white ^'Spes.. Under favourable (an^dia^ 
Ijwowih they may assunle the form of braoketS;-■ ,,,' : ; 

disease generally, spreads rapidly, turning the wod! 
rst brown and then white and causing large hollows ‘in it 
y the artificial infection of six ten-year-old Soots pines, fiv 
: them were killed in a year and a half. (B. Hrtg.) .* 


b. Subjects of Attack 

The fungus has been observed on the Scots and Weymoutl 
aes, the spruce, silver-fir, of all ages up to 90 years, also ® ^ 
^per and on Scots pine transplants from five years 
IW^ 'T^ida, Mill., is very susceptible to its-attacks. M 
is favoured by mice and other animals which carip 
litres in their fur. Trees which are attacked havep^ 
smd stunted shoots, as in the case of the honey funp^ 


aved |rees with cpiatete: 


iin.Bemoval of 
oh as they are' 


w* 



hi 

s 

considers 


case. theV c 




e.,''-.Sartifi 


all infej^ trees and of all rbizomorphs, 
gpps with;..,br 


of nohidiafti 







betwe® theft ' 


i. Ehizina mjfeifljJSaelet. 
a. Ikimplim and MoW^.:A tiaek 
’ This root fangus, also named R. vndulata, Pr., kills Scof^ 
does of various ages. _ As the malady spreads lit ti' circle^ 
^ntrifugally from the point of infection, it is termed in 
’"ranee ‘‘Mdadie du rond.” It may be recognised by the 
;jing and falling of the needles of affected trees, from the 
flonth of June.- On digging up affected plants, the ground 
»ound their roots if found^und together by numeroul 
;j^ih^, |;ittt there is no flow ot resin, as in the case of 'th| 
-fungus.,: Prom the bark of the pine-roots proll^!^ 
i&erpus white mycelial hyphae, like Rhizoctonia* which giyg 
0 three or three and a half feet from the affected plants ia'^ 
ibhly branched, threadlike mycelium. Their whiteness ; 4 | 
^ to drops of etherial oil, exuding from the fine hairs at ti>| 
•ids ffif the' hyphae. These hyphae spread in the soil, .in^| 
^hbouring plants, and penetrate their wood. 

Masses states that the fungus is saprophytic on stumps 
J^^t. ; was so destructivf to Scots pine, on a loamy 

Mldmf \Qrhi4;'m Jbrafiea, that its cdtivie^^ 

■,^e''’^oro(!8rps resemble ' morels,•'■•ain'fiam 
^rn^er, and oj( a dark chestnut d|_iphoeolate colour.' . 
-^t^f'ihe ^und;,connected with the mycelium. 


atkeks pl^ts of aU ages, from four years oj»i 
i y«ii»,jold trm 'Sereattaeked. • Besides, 
la sayer-foiTarch, l^oglas ;flr and; 
dbfal^iha'i'e' been aiteked,' = it is 


;Wooa aaa aailt 

^ *4 iTrflWMte;? Pwi, 

|fJi 4 My^iui (>{ thi&gus develops in the hegrtwobd ^ 
trees causing ring-shake, fh^ 
ping-wfe&d df the annual zones becomes gradually reddish-:? 
WTO, with numdrous regularly distributed perforatioWl 
i^ted with white, and at length disappears. The remaind^l 
r the wood, and especially the resinous autumn-wood, re'main^^ 
^^t fox some time, but eventually succumbs so that the tr^ 





1S«'' kL.’_itJ .i,. . -'a ’ 






S' ,'K. 


,, ,.^.'',Cffitamoiiest flear villages apd, towns; 
■‘’ ^' and also ip 


w snow-break. 

S; Trmetet Pm is prevalent on trees from forty years old sM 
Jpwards, as i does not generally attack sapwood owing to its 
-arpentine, and because wounds in young trees are usuaHy 
;0(m closed with resin., It attacks the larch^ spruce, an|^ 
■ilyer-fir, as well as the Scots pine. In the silver-fir, deca^ 
Jpreads to the "youngest woody zones which contain Httl^ 
iarpentine. ■ ■■■• ' ", - 

- The sporocarps may become very old, up to sixty years, 
*tt(|(n large dimensions. The technical value of the wood ^ 
i^eatly impaired by the disease. The fungus is common.6 
'Ae Scots pine forests of North Germany, and in the Harz .igM 
Thiiringer-Wald and South Germany, chiefly on the spru^ 
in thb Carpathians it attacks silver-fir and larch .woods. : tl 
occurs in the British Isles. 


«.' Protective Bides, 

ji^'i^ix oroa^eftved tees with conifers. 

^^'i^rapmg living branches of Scots pines which 
il^i^heartwopd mu^l^dhandoned. luvingArancheB^ 
i pitiaed up to thirly ag0» as. they containrhpii^ 
ood, and the infection is l^s liable! to* occur in young^v^ 
(.'any case frunifigs should" lie o^h cut wiA a saw, arjiiii; 



"fi^jthe de(^y:.is«;gone' too far,,.as' it .is.h 



pwil'' (^. 678 .bh^ 679). , ■ i’ 

|^; %''«9S0 of red rot, the,substance of'_ 

#8^ved by a fenndtit- 'eoHtafeed ift- % Foto|)}^^'^ th^ 
l^flae of the fungi, and a residual substance consisting d|l 
iiifi) tftHain, mineral matter, etc., remains, whifch, owing ti| 
te^Pxidatioo of the tannin, assumes a reddish-brown .colotu*$| 
otkJ Rot is Bftused by ihe following fungi ; 


fOn spruce and Scots pine, and jarely oh'siiW-fif, bothl 
cts and wounds above ground, "fieing attacked.- 
^ked by this fungus becomes dark-reddish brown, andfilll 
octangular cracks, as in the case of Memliuslcusi^mns, Fr„| 
^ch causes dry rot in timber. When rubbed between thfl 
^s, the rotting wood falls as a yellowish dust.' Snow'l 
^.bpnching mycelia, several yards long, are fomed ; ,th&§ 
form white merustations. The spores gain estn^jj^ 
^bjirees through wounds, and the fungus is died 
M fes in buildings. 



i'’;%re“'filled' l^eli%fSffi 

tendency to spread horizon^lly.. | 
^rdee[tp, brocketshaped, and frequentlj^ 
^rs. , 9,^1;''’’' ;,V 

(e) Palppoi'us fulntu, Scop. It produces white rot iii th 
|ker-fir, and rarely in the spruce. It is frequently associate 
•/ith silver-fir banker, described further on, its spores-enfeip 
‘pO wood by the cracks inihe cankerous swelling. The woOi 
ponies yellowish, and if clean-cut, appears intersected t 
.'umerons white IdngitudiriH bands. Narrow dark lines appqa 
i the junction" between the sound and rotting wood. .1^ 
nycelium is yellowish, at first growing strongly, but becbmb 
“ter oh very fine. The'iSfeket-like sporoearps are yellowish 
iirown above, ashy-grey below, ani^hnost smooth. ThI 
unps is found also on cherry-trees.* 


*5. Peridemim Pini, 'WaUr. var. cortkola. 
(Pine-blister.) 

%. Dmeriptvm and Mode of Attach. 
vacpts pines infested with this disease, which is very comnidj 
BfitiBh Isles and calledpiw-fefMter, are termed 

»foresters (Fig,296,p.fi81). > Masses states th^'lc 



■ngfia ifiocuktite trees, «ted > 
:.^i^i^toBporo fonfii.'of it'"' 

it. -siay", be^ija; ’ ■ 




















jja^ppores 01 HUB lungns genmnaw on jne leaves anaBtao^g; 
jt l^eetdxkiih o^imk, Mnch., and on other species of. 

:oxkum, producing the fungus; Peivlemmm Camui, 

Kleb.' The'telentospores from this again' infect pine's* 
■pweyer^ there is no Fincetoxiaim in Britain, where jiiti^ 
^Ister is very common, there appear to be two forms of t}p 
•isease, one P. C^mm, R. et K., and the other P. Pint- Wultui* 
|he tekutpspore form of which is unknown.. 


j. Sut)«ds of Altmki' • , 

;tt 8cdts &3 black pines of all ages are attacked by pine-blist^ 
-iut preferentially fifteen tp twenty years old poles. It attaeii 
mly organs two or more ji'ears old, and is commonly found’.S^ 
='srticils of branches and in the crown of the tr^. It 
often observed in mixed forests of pine with beeett'^ 
I'W'nbeam, where the, branches of the btoadleaved specif 
^Wayed by the wind, have rubbed off the bark of the pines.' ,5 
Che disease is well known all over Europe west of Poland;>- 


c, Proiective Mtasum. 

Fell infected pines as soon as the disease is noticed,* , ;■ 
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)llc 

roi 


liumi 


;,ijaed,; aii4 Weidia later otii' 
and the disease becomes 
■3ii6 Eihet isMmed 


cied -d Riles are; 
leli spread. The,: 
i«#fj,,:pietr. , 


>. Subjects Attack, 

The fungus attacks young plante , and poles of Weyaiouf|| 
ne, ohiefl|:on theiy stems. It also attacks lateral bmchw 
;.older trees; tree-parts older than 20-26 years appete.,^ 
^ape; ' 

|p. J880, about 30 per- cent, of the "Weymouth pine. ^ 
^,en Town Park were attacked and seriously injured by'; 
^^fogus. The disease has also appeared in other district^J 
S." Germany and' in Denmark. It is reported* 
^j^t^ated on Cembran pine (?) in the Baltic province 
"^laot yet been nofeed in America, the home.&fiiM 


Vft^’WroteiMSS MOmresi. 
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bk 

)llc 

roi 


liumi 


;ijaed,; aii4 »,eidia later otii' Specif -oi Riles are; 

and tbe diseaBe becomes "wideli spread. The fwia 
|t®6 Rihes is aStihied CronarSaw , 

■ ’ ’ .ft 

&. Suijeck-$f-Atldch 

The fungus attacks young plante , and poles of Weyaiouf|| 
ne, ohiefl|:on theiy stems. It also attacks lateral bmchw 
;.older trees; tree-parts older than 20-26 years appete.^ 
^ape; ' ,, 

|p. J880, about 30 per- cent, of the "Weymouth piiiB.«^; 
^kn Town Park were attacked and seriously injured by’; 
^ilfogus. The disease has also appeared in other district^J 
S." Germany and' in Denmark. It is reported* 
^j^t^ated on Cembran pine (?) in the Baltic province 
;^lB 0 t yet, been nofeed in. America,, the home.pl,';;^ 
;^il^'pine,");'.^;: 

■M''*'SMecttv» msstswesi: 

- ■ /• ■'■■■ V % 


fU'.V'/V-l 






p'* aspea, whi<^ proauiiei resting-spores 'i 
t^se tu|ernate on the dead aspen leaves, ar 
Ibduce proa^kia'in the spring W whjph spores; devefc 

first discovered*': 


I ttspert « 


of AUaeh, m4 Dktribulwa. 

J’This fnngu^attacks ciriefly young—one to ten years did 
■^8 pine, al^. ’Weymouth and mountain pines, but»<nev 
.^s over 80 yeto old; it is most frequent on damp soils, a* 
i cold, moist, early summws.* The exemption of older pin 
;6m the attacks of this fungus is probably diie to the fa 
hat the spores proceed from dead aspen leaves lying on t* 
round. 

One to three years old cultivations of pines may be entire 
sstroyed by it, the disease spreading centrifugally from 
jntre of infection; and in older woods, especially after 
•^jgession of rainy years, such misshapen sl^ros may be forn^. 
|at the marks of the damage always remain patent; t' 
^^ycqpjnent of the malady is however retarded by dry'f 
_;|^^’’&aS6. disappears about the thirtefflith 
-■?P«a»'|p(j^,.''.«^.,over^ermany, especially m 
■p^^||reftt'dmnage W 1870 and 1873. For :^£' 

needMa,.5^cp. 469. 







__— shoots she 







-Siimg’by ■eaifl^Jchi^fly .go^s,".«r'iy 
■'^ts. The witches-brtxMtt in |aac,.ior inj,^^^ 

j mites (phi)tp^i». poem, Nal,! {..nte® 

.. 


CHryophyUaatantm, Sehr6tw),.Nt),.i.' Oh hoiti^ 
}ir^m Carpini, Jiosk.):', Bireh {E, tottM^.fiostr.) • cheaS 
Puckl),'etc. It is not known wliii causes witcl^ 
ioom on Soots and Weymouth.pines, sprad? larch, or bee^ 
offmann, of Giessen, states t&t two species of Cladoepmii 
iuse this hyj^trophy on Scots pine, but this is still unproyfe 
peppert atatea that it is due to a local swelling of' tl 
•mbium, but does not explain how this arises. These witchp 
^pms, as well as those on the Scots pine, dp not appear;:; 
fyery prejudicial to their hosts; that on silver-fir is describe 
^’der next heading. 


s^'., Mehmptor^la Caryophylknearum, gchroter, formerly; 
named/Ecidtm clatiraMm, Innh-* 
f , (Silver-fir Canker.); 


IThis fungus causes the w6li'-WpTO(”sBf®-Sr 
"fles^room;. 




the Cortex {rf an infected branch into the stem, but j 
^^4em-(anker is produced when the stem grows over tht 
^mected haw of a branch. 

1!he oankef&iay be distinguished externally by a swelling 
aether OB one side of, or all round the stem, on which the bark if 
®‘'®®hed and dark brown, showing here and there a 
^^in; it crumbles away in parts, exposing the wood; It ihay 
gW: found at any height on young or old trees or their branchea. 
^nd may attain a large size. The mycelium which grows ir 



















®ra,Ti 


&(5rp% may he coneerned here. 


Titernate host'of ’the fungus, if one existed, was not then 
iiiown. In 1901, however, E. Piseher, of Berne, succeeded in 
infecting sp^ies of Stelhiia with spores from a silver-fij 
Witches - broom, and obtained MelampsoreUa CaryophyUm- 
armiy Schrdter, also named Melamp- 
ioro Cerastu, Pers. This fungus 
attacks species of SkUnria and 
Cerastium, common weeds in fields 
and hedgerows adjoining silver-fir 


! The damage done is direct and 
indirect, the former consisting in 
Ipss of increment and depreciation 
pf the quality of the wood, as 
^nkered wood cannot be used for 
i^nstructions. The indirect damage 
insists in increased danger of 
,breakage by storms or snow, and 
%■ greater disposition to insect 
^tacks and those of other fungi, 

Polypons fdms, Scop,, 

Ayaricm adiposus, Fr., which 
render the wood very brittle. 

4' practical distinction is made be- 
Jvsen sound and diseased cankers; ■ ;| 

lopndeankerous wood is 80 per cent, heavier than uncanker^ 
idodj it is also harder, less fissile, and absorbs only half ^ 
|uuch water, Sound cankerous trdfes yield some pieces of goQj 
to-badly cankered tre® are only fit for fuel. 
i^^prs may be sometimes seen on the aanje tr^ 
trees inay die outright in to euifmersi 
to so years ^d long®. ''''Mf; H. Ingpld'^ 
21 caniered trees are brdiSd 
to ,<metofto'tree. 



Fig. 220.r-Canker on a 8ilw-i 
about 45 years old caiuod by 
‘,Sohr8tw;.t‘ 




(A 240 Ire^' 'py^ 

r i6 trees are cankered. It is common in Windsor Forest, ■ 
fungus also attacks Abies picta, Fork., A. hakamea, Mill.,;^ 
^^brdmomkM, LL, A. cephahnka, Loud., and A, Phmpo, 
^iss. Cankerous stems are found on every soil and locality, 
^t;: 5 lihe disease is lew prevalent on sandy soils and at high 
^udes than on loam or in or near the plains, where the_ 
lagress of the disease is more rapid., 

^he damage in old woods is greater than in young ones on 
^unt of the increase in value of the trees, and in pure h%h 
li«sts than in mixed selection-forests. 


r. FroUctiVe Rules, 

Mix other species not subject to the disease with the silver-fir. 
Prune off the witches-brooms, which chiefly appear on young 
ees, by sawing off infected branches close to the stem before. 
16 spores are dispersed, and tarring the wounds. 

Ifeemove cankerous stems in thinnings and preparatory 
liings, and transport them speedily from thte forest. Even 
^mating cankerous trees should be removed, and dominated 
|§8 left to replace them. Those cankered all round should 
lifirst felled, as the crop must not be overthinned from fear' 

Windfall. ■ ■ V 

i)ld woods full pf cankerous trees should be felled before the ; 
^escribed period. , The group-system practised in Baden 
lows this to be done, and it is the most effective remedy,. 
Iljfeed away Stellarias and Cerastia from the neighbouAood; 
^■^Iver-fir woods, arid do not grow silver-fir near the outer 
pdaries of such woods. .It is probable that the disease 
^HifteB pIdierwiM, besidtl from infection from the weeds 
■■ 

ffi. Neebria (JmrMtiMyS't.;? 



■tubes ( 


appear m me uara, wiucii maj run imu one aiiuMira uae 
CJonidia is’sue from them from late in the autumn 
spring, and infeet surrounding plants through any 
they may have; and spread the disease. 

The branching mycelium grows chiefly in the sieve; 
the soft bast and the intercellular spaces 
between tliem. The growth of the fungus 
is very rapid, but appears to proceed 
chiefly in the season of rest of the bark- 
tissues, not in that of their vegetation, 
when it is usually arrested. When the 
fungus has spread all round the stem, 
the tree dies, or at least that part of it 
which is above the point of attack. If 
however, the diseased tree can retain any 
sound bark on one side till the ensuing 
spring, it is saved, for it protects itself 
by producing a corky sheath between the 
sound and diseased part, which stops 
the farther progress of the fungus. 

The dead bark is then thrown off, and 
the cankerous place grown over. 



h. Suljecis of Attach, (did Diskilutkn. 

The fungus appears chiefly on young 
spruce from three to thirteen feet in , 
ijeight, and both in pure spruce wools • 
ithd in mixtures of spruce and beech, 
ft has,, also been, oitawyed on Oembran ' 
|^,;;i^|v|drcL/y'.;tt?!ls: ver eomiar®’, ^ 
ii fro#y>l^ities^ : The Oonidia gain ' 
^p^i<f^^';|ib;tissu4 .onljr ^roi^'’_ j.}g. 

■wounds, whioh are therefore, attaeW 'ky 
erous. lh,J(^tes where^;^^^ 


iflS the inoih Toririsc ‘paclohm, 

^ruce forestg oi Bohemia; damage by this insect ig,;howeTel3 
.'j^enerally only of a temporary nature, but %this case, it wa® 
•^Bewed by Nectria, and great destruction' of the spruog| 
i^^urred. The fungus has also appeared recently in the foregl^ 
."^fiavaria and Wiirtemberg, but seems to he absent frot^ 
■^»th Germany. Nisbet states that it is-^ommon in Britain,!;: 
^ouch generally as a saprophyte on dead branches only. 

c. Pnkelm Rulei. 

Cut down young stems and shoots attacked by the fungus: 
rith a pair of vine-shears in autumn and early winter. This 
uethod does not cause the spores to be so scattered as wheB| 
he stems are felled with a billhook. It costs about 1«. 6d. at^ 

icre. ’^5 

The larger stems attacked must be felled at the same time.;! 
!tn both eases all the infected parts should be removed care-!] 
'|ully, and burned in an out-of-the-way place, as thp sporeg! 
Sasily spread from any pieces left lying about. 

if’' ' 

*10. DasyscypM calycina, Fuckel. 

(Larch-blister.) - 

n. emd motk of Attach. 

The nomenclature of this funps has passed to „ 
ages: Willkomih, in 1867, described it as Corticiwil 
morpimm, Fr.,* .wHch in reality attacks the'.^bium 
Iver-fir; but in Hoffmanh (Giesae^frfed it Pc,' 
dydna, gchum.! In 1874,'B. Har^g! sho??^, that thf 
mgus diisred frt«n pi Sch^^i^ibh^^ 

^;8praee and 

:!Ehifi:%ds',la'rgs aski 
Mi^sliavB^ jw! spgfes. 
i'll^seef ste^s :thh. 




lilt also’la'rott. ■'ttia latter fungas also attacks Vinm extehM 
iWall., and, m •Atneruj%,is very destructive to Ahw» bakameit^^ 
Mill. Both species are wound-parasites, but can enter th(| 
tissues of the Jiving tree through wounds made by a minu^ 
"parasite, Jix^rium, the spores of which in damp atmf^ 
sphere can germinate 

of thelaii^aBitimute^ 

. 'ance of little swellings 
'’p^'-'the stem and' 

««%!«»», Fuckel.- ■■ )‘| 







Pi^Wffia '3^ijg''1o the Swelling o! WW|ai:'nr'i» 
lilhker and the local stoppage of the growth, its 
|m8 a spoon-shaped depression, ,8«d the canker itself m 
tpindle-shaped. Several cankers may appear on the same tree,.!| 
|;ihe fungus can gain admission only through wounds^' 
j^uently of brachyblasts eaten by ColeophoM laricdla, Hbn.^,| 
rips, p. 846), punctures made by Cherms (pp. 361—364), ox'f 
^ to snow-break, etc. After the entrance and sprouting of:* 
lie spore the richly-branching mycelium traverses the bast; ; 
but only during the spring, as its further progress is cut off by ^; 
|ie formation of corky tissue separating the diseased place from'j 
ike still healthy bast. The exposed wood exudes turpentine, ; 
^d ip the autumn the mycelium grows again from the cambium 
liiiO the healthy bast and increases the size of the canker. ■ 
^hsh layers of cork again cut it off, and the growth of the; 
Mycelium is repeated, a protracted contest between the tree; 
pd the fungus usually ensuing. In the Tyrol, a living larch' 
l& hafl h^n seen affected by a canker 100 years old. , 

llfhen th@‘canker is small and the growth of the larch, 
am account of the locality being suitable for it, the ; 
^pkge done is limited to the point of attack. When, howevei,, 
&^Wfiit6 grows fast and the growth of the tree is not^ 
Kipns, the mycelium may penetrate the wood by tHp, 
^^dlaty rays even down to. the girth, and the flow of sap ik; 
interrupted. The trfee then b^ins to languish,.; 
tern pale, twigs dry up and die, while freA cankers; 
esp^lly in: damp places. In such localitm the;: 
Plfesifeiyi be ^ of reduced ■ Size^ but; thi-mycelium ^ead^ 
^p^buttim wood, and tfaeeporQcajpsippearinalji directions ■ 



Mils, frees^^ twenty years old suffer most, but 
- ^i^k is rare in ^ of trees more than forty years old;| 
l^iise stocking does not suit the larch, and assists in spreading; 
•'the disease; sowings therefore suffer more than plantations!; 
';;4nd pure woods more than mixed woods. Larches growings 
I ttith broadleaved trees are least liable to canker. Mr. Michief 
;^in his book on larch (Blackwood Sons, 1885), says, thatj 
(after the firat fifteen years tree-parts are safe from attack.-j 

P ’* nee, in ^^rch tree, 80 years old, and 45 feet high, the flrsti! 
mty foe^ffi,so are safe. 

The dia^E originated in the Alps, and when daring thi^ 
first tweri^Mars of this century extensive larch plantatioito 
(tere made^pover Northern Europe they escaped the diseasel 
3ven when on inferior soils, but spores of the fungus prdbabljfl 
found their way down with larch seed from the Alps, an^ 
the disease became widespretid in more recent plautations^j 
fh tlie Alps, it is usually confined to individual trees, ahd^ 
ioes not ruin whole woods as in Germany, Denmark, a» 
Britain. 

The reason is, that, in the Alps, there is a sudden chan^ 
from winter to quite warm weather, so that the needles deyeloS 
rapidly, whilst at lower elevations the soil becomes heated^^ 
he end of March, and the larch needles then appear, but S’'* 
subjected to the treacherous spring weather, and do not hard 
^ the beginning of May. During this prolong^ period;; 
ievelojhnent of the needles they are liable to attacks of 
Ikora hriceVa, Hbn., and of Chernies, which promote t 
mread of th6 ,®nnker, . In the Alp8, ||noreover, the fert 
^es die dniy prpdn^,hi damp pla^g,hear the laiesj 

t 8hWd;|ilM to remembered that, ip its nati're eounh 
_. , has ite roots covered; b deep snow till May, and t| 
he soil contaiag plenty of moisture throughout the 'ysei 
^fugM; o«^,.|d,lhe;S whieh the lar 

stagnwh'-r%.!^dtain,, % 





and the tree then grows vigbro,c^i"‘(^'^|^ 
Scapes the disease or grows away from.it., 
pj It is probably everywhere in the Britii||i,Isiea damp enpn^ 
^or the fertile spores to be produced, though the disease is jjc 
l^et prevalent in Ireland; but it is stated that on goodfertfl 
l^il near the Scotch 4kes the larch grows so rapidly as 
^n'tgrow the disease, even when infected. 

I Yigorous larch trees are growing at, Colesborne, i 
ySloucestershire, on the banks of a stream in, a damp vallej 
l^d the larch-blister is more fatal in the drier; flatter easter: 
^rts of Britain than in the moister hilly west, or in Ireland. 
I The disease causes lose of increment, and,reduces th 
tonality of the timber, it encourages insect attacks and snoi 
land wind break, and may kill trees outright. Wlierevei 
I'therefore, larch grows badly owing to unfavourable soil, o 
gclimate, it is better to give up planting it. 


c. ProtHtm Sties. 

SJ lt Great care should be taken in the selection of sites fd 
greh plantations; pure larch-woods should be avoided, exce^ 
lb early youth, and larch should be given plenty of room. ,,| 
^(^ers northerly aspects and well-drained bat not dry edS 
sf hills and mountains, fertile but not too bindh^ 
ip^Penty of room for root-development, and abundance ;*! 
t^l leaves or snow on the, soil, so that the ground 
p .heated itod the larch forced into growth eariy in sp^ 
^3 afterwards retard by the spring-frosts. No tree tequi^ 
^^'3ightaf,»oiMn&nthedM^;’;^ - ’Am 

r,1^.‘'I,i«roih.-giowk best when'’mIt(rai'ii!^^h®^%'tSlTeriii 
may 'be' ;i]^rodtt^\'«&-';thb';toc^^^ 

^|i',^Gre(!t'eare ^ould:be takeB’'ur's^«3|;^hal| 
ly'in knocking off dead'^^l^^i^,' 


■|-L CerimgUm' Abieds, Duby. 

, (Pine-shoot Fangos,) 
d,. Def(riptwn and'Mode of Atkick. 

'This fungus causes the death of isolated shoots of younff; 
.^nes. is a rule, only yearling shoots are attacked/ but somet-' 
"times 2_ to S years old shoots also, chiefly at their tips. ThS; 
shoots die from April till June, from the top downwards.' 
Mycelia are found in the dead shoots, including their buds.> 
The cells of the cortex turn brown and become filled-; 
with resin, the tissues are rent. The inner tissues down ti! 
the girth also turn brown. The mycelium is most ahundaul 
in the buds. The needles die from the base, contrary to tho^f 
attacked in the pine needle-cast (p. 466). They turn yellowiety 
green, yellowish brown, and eventually brown. 

. This is not a wound-parasite. The sporocarps are darsi 
brpwn roundish cushions, breaking out from the mid-nerveS'< 
of the needles or from the base of yearling shoots, but chiefly; 
from those 2—5 years old dead shoots. The spores germinate’ 
only alter the dead shoots have fallen to the ground, wher^fj 
they obtain sufficient moisture. 

If the number of infected shoots is sufficiently numertei^ 
^ trees attacked may die, otherwise the damage oonsisti-ll 
loss of increment only. • 


6 , Stdfecla if Attack, and DkMhdm. 

4 / This fungus spedally attacks Scots pine, of any age, 
_^„%ieflj:,12-^;^ years old thickets arid-polewoods. Also bla& 
^*d vWeymrittth pines; . Until 1883j it was considered ai| 
^Sl^phytic Only ’on ddad spruce and ailver*fir brandi^ 
^^■ 'F. ' yphffihfimen suggested that‘it is parasitic on Sc 
Sihia was proved to be the (^ .'in ,1892 by Fr^nk., i 
■^ir^, having appeared in 184 Prussian forest districts., 
^^p|ranal Mto,re of the weather in i 8 M, certainly assist^ 
fi^;f!Bilgus becurs in,Pf*®oe and gwedeni^ 




M Were in frozen gronndl'^i^^^i 


the Water lost by insolation;’ 

c. Protmlm Rulet. 

,7»«inoTe anecte4^1es in the thinnings. 

K. Pestdozsk Hmtigii, Tubf. 

® ®P™®® 8ilver-8r seedi 

and nnrsery-lines. Its first symptoms are that a nnmb^ 
;Pf plants turn pale and die, and when pnlied-np it will b« 

®1°®® ‘0 «>e ground is withered! 
^Whilst above Hus withered portion the stem has attained M 
gual dimensions. , The mycelium of the fungas may be found 
rg the back, where the contraction in the stem takes place' 
and sporocarps spring from the point of attack. U 

^ disease appears to attack several bcoadleaved species! 
ps well as conifers, and all infected plants should be at on# 
gj^p and bmned For instance, in a beech-nnrsery at! 
|t?d^os, Ardeche altitude 1,350 m., the plants were lined ^ 
|ut a^o years old, and by August became chloritic and driedi 

^®r® not attacked.* " 

I'iiVf* "P ““ plants. 

18. Septmia parmtica, B. Hrtg. 

(Spruce-shoot Fungus.) 

, gas Muses the wilting and death of young sprueif 
, especially lateral shoots. The needles of the attackS 
te b^me brown and wilt, as if they had ' he# 
by. late frost, and generally ,break off. In the com^ 

tmniffl* dlobams Mont __ ' , 


77. “ ■'’“‘Muutte epnw^acffes arise. Thes^ 

g,m white ..>p|rSj Spread' jH jj^y 

'Uing shoots. Sitka spruce is also attack^ 

_ ^ aw has been observed chiefly in yohpg l^uce. jn 
it also attacks the leading shoeti 
.sometimes cwses groups pf plttete'- to di^i 
oteifrwderadoii,. iiii,.,8axdnf. ; It ,is,)60SsaKm':’i»!’^s^ 



S. 


'St; "EitMtk Dmglaiisii^ Ttgif. A 
fnnguS, termed Douglas-fir blight, ana Jinown . 
several years as attacking 2—6 years old Douglas firs,:;i 
h 1896, was found'on young Scots pine in Holland (Bitzema 
Boos). Wellingtonia seedlings have aisfiljeen attacked at: 
^ew. , 

; The needles, especially the upper ones, wilt, and the 
whole plant’s growth is weakened. A brownish grey mycelium- 
appears on the upper shoots, which become curved and die, 
the needles falling off. Conidia form on the fallen needles : 
and minute black selerotia on the dead branches. The latter-.;; 
^duce conidia if the air be moist. Young plants are,!'^ 
frequently killed. Nisbet states that this fungus is identical^ 
^ith Sclerotinia 
‘fackeUam, De Bary 
cinerea), the vine 
^bst. This, how- 
;iever,. appears to be 
doubtful. 

• Spray with Bor¬ 
deaux mixture and 
hum affected plants. 

|p;l Keedle-ftmgi. 

\S,f€ridemiimPmi 
lacicoZo, E. Hrtg. 

;^Kne Needle-rust.) 

'?4'' 

i;;'During April and 
^y, on &e one-year 
ne^les 



:|),;yoiing, pines of 


'2M.—P<ri*r»ni(m Pirn aemla, fi. Hrfg., 

I 


species,, 

yellow biis-, , 

appear, ahqnt tlm size of a mustard seed, often several 
^*mb^g aJ*mw 0p|mefOr :tofh ides of the needles. When • 



|p^g^|:^p^fipe'eusaing ^ear,. 

needle die and fall only when the disease is- vetyiiitensa 
3 j 8 pine needle-rust, as the disease is termed by Massebf® 
ernes from spores of species of CoUmporim, ameciom, Pr., it" 
dJigus infesting fSieral species of Senecio, chiefly biennialsi 
.tutsans, 1., L.,/S. wsmaiis, W. et 'K. , ; ' 

;f he fungus prefers plants 3 to 10 years old, but may attae^i 
rees up to 30 years; it is widespread thrUnghout Europe, 
BOluding the British Isles, but does little harm to the trees it'? 
stacks. Weed out groundsell from pine woods that it attacks. 


16. Aeeidium Ahietinum, Alb. et Schw. 
iTliis fungus causes a needle-rust, which appears at mid- 
ittuner on the previous year’s shoots of the spruce, the^ 
iedles then assume a dull reddish-yellow colour; during^ 
agust, bright-red aecidia of the size of a pin’s head project 
om the needles, and at the end of August or the begmning^ 
September .they burst and emit their yellow spores 
1 a cloud of dust. The affected needles, which on lateral 
loots'are usually only on the upper side of the branches, die,; 
gd idl before the close of the year, and the fungus may be 
|pe|&tinguished from Chryaomym Abktia, Ung. Tlif 
Ij^rnate- hosts of the fungus are several spedes of rhod<^ 
Mron in the^^lps, and Led<m pdmtr\ h., in Finland ad® 
of North Glemany, and these plants carry :the diseaf^i 
^^gh the winter. Spruce trees of all ages are i^Sete^ 
inecaally ip the Ate.frbm an altitude d 1,000 metres to thii 
^hest limit of sprEuM^: .^here' whole spruce-wood|somete^i 
'itoJiB'lihe yelloito*!^ colourJ The disease is also vra 








and eventually dark brown. 

sftThefuiigas kills silver-fir needles and causes them to fall, > 
CTut it is not widdy spread and becomes dangerous only when 'i 
l^bung thickets of silver-fir spring up am^ cowberry plants, j 
^hen the latter should be uprooted and d*oyed. 



224.—Spruce tw% atteoifjd by Okrysmj/iit Mietii, .Cng., in sutum#. 
■ (^duntl line.' 


18. cy^smym AUiUft ting. 

, ^ (8pr» Needle-rust.) 

45. md 

iw8 sprasd'needle-r^^ may be reet^&ed by dull ^ 
Jowbap^ apjiearing h^om May to the iniddle‘'<w June 

brolder «hd assume a bright^J 






golden-yellow''colour, 

^iitly: ito oue die' both sides of the mid-rib; the fuiigu|S 
|ibernates on the tree in this conation.. The swelling' 
becomes greater at the beginning of spring, and from April . 
|(i the middle ot'^j the epidermis of the needle bursts. 
Sbd the spores are" scattered, the affected needles, parts of 
St^ch are- still green, wilting and falling in June ^ iuly^; 
'-.Spores which are disseminated in May, 'wheft th«[: 
shoots of: the .spruce are forming, can then infee^. 

them and cdtiMuei 


the disease, 


needles ettneked by Chrysmya 
(, Usg., XSmevhat enlaryed.) 

test'r^pearanee iaf disease in the iom's^ 
I on needles. ‘ '*1' 


b. 8ui^ of AtlcAik, 
and DkirMim. 
The fungus attacks' 
only yearling needles, 
usually those on the 
lower branches, and 
rarely near the top of 
the tree. 

Spruce is most sub¬ 
ject to this disease 
when from 1<) to 4(1; 
. . years old. In dampi 

( nrijill reddish-brown longitudinid blaters , _ ... *-oa 

dolMw4wdb<^niiigofApra). , 1 

llo.sratt iWh' drango-yeUow enehion old thlcketS, the funyi 

!>«)• gu8 isiihost common,' 

but the nature of -t||i 
. appam: hate a»y!influehtm :pn it.,’it is mi' 
Pi;'i|p'iiil!Jtitttde8tef 6,W feet, and is mbst frequent ijf 

ith| 

chiaffy'& iSss of .inetemppt,".a&d 
tire t|np|‘i.^e.n(it 
riillil'■are'i.pw'iiPssidj, 


me, n'repv.-i 






'Profecfi^e' Rutis.’’^'' 

I : i. Careful elifcoe of suitable locnJities for spruce. 

ii. Carry out early and strong* thinnings, especially oi 
. trees affected by the disease, and promptly, remove the l^tft 
^'from the forest. ’ W 

lp,,L6phodei-miim Pinagtri, Schrad. • 

' ■ ■ (Pine Needle-cast.) 


a, Ikteription and Life-hktory. ' 

On the primordial needles of young Soots pines, solita^ 
^brdwn spots, aiay appear in July or . 

1 . later on in the year, and if the affect 1 
vUeedles are examined microscopies/ j, 

'the mycelium of (njs- 

terium) P?»astn,,S*'^ .ad., will bo found 
in them. BL..* spermagonia subse¬ 
quently appear l)efore winter, but their 
spores do not germinate, as aseocarps do 
imt’develop till the second year after 
'•^ection. As a rule tl^ diseased pri- 
jhdrdid needles die in the spring, with¬ 
out falling from the plants, and older 
Ipeedles frequently turn completely brown 
'4n March and April and fall off, owing 
the formation of cork at their base. 

^'lijis sAdden shedding of pine needles is 
=W|jiAtatit^stic of the disease so widdy 
.'^ifeiAdln tJermany and termed SchiitU,. 

•J^iedle-cast, which may, however, be 
to other causes besides the fungus, 
od explaihed mi. p. 685. If, owing to a 
-'iild, wet ifmte^ and spring, the black ,,,: ,SlESg. 
^roearps should .'burst, which only , ' ^ 

;^[^s ^n they are exposed to much :nM»sture/the spoidt 
-l?|ue fro^(^,:,and,::,:h)fdft_;'^^^^ 'plaats. '.Thie, hqwey;ei| 

have fallen. 



Fig. 226.--(«) 

Scots pice 
aibicked by i 
needle-cast, the biM 
greea. (i) Bead twd 
yeirs eld needles. Sipd 
eiJetAeck (*) and ettt^ 
pymidia (g}, in Apidi 



f jB'ils^iesi'Mi'OTOwded' seed-beds.,, Tijis'-ssLpii^liyPi^i^^ 
the disease was always present in the; Scote pine nurs^ 
Goopets Hill College, but never injured the pine se^l 
m|s or transplants The latter were kept two years in seedfj 
and two yearife nursery.lines, and about 60,000 healthy; 
Ifottr years old plants were removed from the nursery every; 
liiw,lrom,1891 to 1900. 


p||V- ‘ ,'' 5, Su^ts of Altack, and DktrihvMn'. 

;"|;’^eedle-oast attacks Scots pine wherever it is grown ; 

Iljiack and maritime pines are attacked. ' 

ly As a rule, the fungus attacks only 1 to 5 years old plants, but; 
it h^,been observed on poles up to twenty years old,;; Dhmp! 
rcloudy localities are favourable to its spread, asd plains^ 
and lowlands suffer more than mountains and hills. Large’ 
■regeneration-areas and dense stocking also favour its spread.* 
Under certain unfavourable conditions of soil and climate, the 
^tivation of Scots pine must be abandoned, owing to this' 
Ifisease, and the area stocked with Weymouth pine,* or some 1 
«her resisting species. 

a. Prokclm Modmres. 


.. Spray 2 to 8 years old plants, in July, with BordeatB| 
li|sture(-66 gallons water, 6 lbs. CaS 04 , 4 lbs. nnslaked limeif 
jft^Jbs. soft soaja, A French nurseryman ihus treated Scots'J 
|ijne Seedlings,; in the following February, not a single plaa|:» 
prayed showed a sign of disease, while 80 to 100 per cent. 
l|«)» tmsprayed were dead, 

spruce or'Weymouth pine with Scots pine, 
pieffl or .belts running from north to south, so as to inter^i 
pth the dissemination of the spores by damp westerly win* 
In nurseries, the seed should not be sown thickly IS 
i^^ and the yearlings should be transplanted into nnrseryl 
at once .‘in,t6 the forest. New Soots pine nurseries 
p piiede in localities-free from the disea®,;.^t f 

W«ynciatt;ptoeai'aeS^ Beawart suffiiS 
and ttis larch 



:3Sin nureery-oeas oesween ihe rows of seedings should never he' 
jgpovered with pine branehes, which favour the spread of the' 
^ji'S'disease, but with leaves of broadleaved trees or moss. . ^ 

iv. Burn carefully all affected plants. 


20. L, maa'oaporum, B. Hrtg. 
a. Description and mode of Attack. 



227 .—0 trader earfwe of a apruce twig ia wiatei, attacked by lophoikr^iit^^ 
iimrotponm, tt. Hrtg. 

a Dead browa needlea at the baae of the apcoad year’a aheot. 

B Freshly attacked third year’s aeedles. . 

7 Reedies with black perithecia. 

i Brown needles with ripe perithoeia (fi) not yet burst. 

^his’ fungus on the ipruee, according to E. Hartig, cau„^.. 
plOT needle-rust or needle-cast. . . ■ , 

,$he former disease appears in mountainous regions at mid«| 
liunmer as a rusty discoloration of needles on two years oldf 
shoots, and in the plains later during autumn; finally blacihj 
gwrocarps (Perithecia) appear on the under, surface of 1bb| 
nfected needles, which tost loi^itudinally and emit tfaeir| 
$ore8 in the succeeding April or May., The needles #ith tb® 
aapty sporocarps remto on iihe tree for several years. A|§ 
Irst only t^,-nfe^, ,{m^ pld and older shoots a^| 



•ie'U fBa togus requiring Iroin six mtotlis to mree years to 
avelop its sporocarps. At first, the needles are more 
int, but when the tree becomes weakened, they are mor^ 
’^ily killed. . I 

tie ease, ?hf needle-cast a more virulent form of the| 
;lea^'occurs, and the needles turn red in August,'theh^ 
jcOwn, and fall before the winter. >' 

f^She spores of all species of Lophodermium gain adnHBsiol(i| 
ti^Ugh the stomata, and the wetter the weatherj the soon^J 
hh spores ripen. 

1). Subjeds of AUaei, and DistribuUoH: 

,^*The disease affects chiefly pure crops of 15 to 80 years old^ 
Tpruce, especially in the lower part of their crowns, but is- 
jnimportant except when needle-cast takes place. Dense 
•rops are most.affected; mixtures of spruce with other species 
-offer less. The mineral nature of the soil and the altitude; 
.Ippetff to have no influence, but in Saxony, the disease is 
=|orst on fertile, moist soil and on S. and W. aspects, where 
".;ue spores ripen, at the time'of the prevailing winds. Wheri, 
-rfly attacked, the trees die, in the third year of an attack. 

c. Frdiectwe Measures. 

Avoid, pure crops of spruce, wherever the disease i^ 

1^ Cut but and him affected subjects. 

^J^iii iEemove the soil-covering of dead needles'nSat affected 
and do not use this litter in spruce woods, 


21. Lophodemiim nervisequium, D. C. 

-ji .This is a very similar fungus to that described above, 
%(;ts the previous year's and older needl<M. of alver-fili 
them brown and eveniually causing them fio M froj| 
jjai'loinly.: Sutera-ous dark brown pustules be 




lly break out in the mid;^ib 'of “ttm lO'^ 




infected needles have generally fallen before this occurs. ;' 
.li'This disease is widespread in silver-fir forests, and has i 
*]^oved destructive in the 
Erzgebirge, where the 
trees lose most of their 
needles. 

Bum affected subjects. 

SpliaereUa larkim, 
n. sp. 

(Larch Needle-cast.) 

[a. Deseriplion and mode of 
Attack. 

Often in July, smaller or 
largerbrownspecksappear 
ion larch needles, on which 
later very small black 
■jfeonidiophores project in 
groups. Erom beneath 
these, the colourless my- 
iicelium, which iS' richly 

‘jamified, develops in the needles, partly in their intereel M# 
partly in the cells of their parenchyma. 

,;^jljuside the conidiophores, small hollows-develop 
{^ .basidia, at the ends of which are very small eonili^ 
off and are carried away by wind, or washed o^ 
and reach the young twigs of the tree, where, aft^' 
'^Pw hours,, they germinate and_ infect the needles, Tl^|; 
^ifiwBe-cast tlius inoreases progressively in intensity. By thfi 
oif thh tjngs, the loilgiM growth of the affectei; 

owing to erowding by neighbouring'treeZ| 
oheh die., l^e fail of sickly or dead needles commenced 

'itOit % heedles thati^ll .tp'the ^und. in the following 
•;;am6rj . peritheoia develop, whidhj 

'i^^ead ^ 


Fig. 228.—Twig of Silver-fir attacked bjr 
£. n&f'cmqmutn. 

<t- Pnafioeted needles. 
h Attacked needles turning brown. 
Kecdles with ripe sporophores. 



D« eitio-me asei ifl the pentheeia contain eiglit'I*i 

2-cened spores. The porithecia ripen at the end of TAif, 
|i|Bid the beginning of June. In three weeks from the momehl 
ilifection, they produce fresh oonidiophores. 

h Mbjats if AUmk, and Dkirilmim, 

M^he fungus appears to attack larch of all ages. Dry, 
'ifiizy localities are lees liable to the disease than damp foggy 
es. For this reason, larches 'on mountains, where the; 
ummer air is dry, whenever the air is cloudless, are less 
pffidangered than those on hills and in lowlands. The season 

t ring which the fungus can form conidia is much shorter 
mountains than in lowlands. * 

p The danger is greatest in pure larch woods and in mixed 
ppoods of larch and spruce. In the former, the infection is 
l^yi owing to the propinquity of the larch trees; in the 
^tter^, the fallen infected larch needles lie in masses on 
pie spruce branches, where the ascophores can easily infect 
lihe larch. A mixture of beech and larch is favourable, as the 
^nse fallen beech leaves hinder the spores from ascending. 
gJJapanese larch is also attacked, 
iplp the cold, wet summer of*J894, this disease was so 
ll^vslent in Upper Bavaria, that by the beginning of August * 
MSt of the larch needles had fallen. 


c. PnkeMve 


Q-row larch in suitable localities. 


pfc'Mix larch with beech and not with spruce, 
pifeloteysqm Trmvhe, Tul., also named Caema kridt), Hrl^i 
K;,447 j(Fig. 238, p. 486), also induces larch needle-cast. As|fe 
piiHild not, therefore, be grown in larch woods. 


23. Tm}iosp1meriaparmkka,Vu tLTig,, 


,4- 


ie |ihe t^urless mycelium ^ ,&S fun^s'hovers t]^ 
'of the mlveTi-fir down io r the Ws, Jeepscially;3(?n theil 
der ;'4oi'.,|he '|owtg;"^^ie6^^)lrhi^st 



•M the needies. ISey therefore become oiseoiourea, ana at] 
quite brown; they do not, however, fall from the treei: 
*djut hang down, being still attached to the twig by the myoeli8;| 
fungus. '. , 

i; In November, on the brown euehions appear small gldbp^l 


'tom^tose peritheoia, con- 
plaining greyish spores, which 
^^isily germinate when they 
•;fall on twigs of silver-fir, and 
the disease is thus spread. 

; The mycelium hibernates on 
N-the twigs and,||jeedles and . 
' grows again on to the new 
/ spring-shoots, attacking the 
needles from the base up- 
wards, so that needles on the 
'Older shoots which escaped 
during the previous year 
, may now be attacked. 

Trees once attacked by this 
( fungus appear never to be- 
l'eonsi|., free from it, from 
Hjwhich its dangerous nature 
ias -evident. 

S^j^cts ifrAtlMlCf and 
Distribution. 

Jlhis disease is widespread 



Fig. 229.—Tvig «f Silfer-St'atecb 
Triehosplmeria partuiiiMi Sv 
a Soand needles. ■ ; 

i Deed brown needles lined to 
by mycelial strands. 
c Under surface of needles , mtk 


. wu silver-fir forests and espe- 

-^jcially among 20 to 40 years old woods on the lower brandy; 

on advance-growth, and according to yon Tubeuf, it al^ 
Tlttacks the spruce, but is rarer than on silver-fir. , It ,1^ 
■“f^he much damage in the Bavarian forests, near Passau an® 
iSher places. t -It hds bemi noticed that lower branches 
|^ver»fisi attacked . by. ynciMMpftncriii parasiiiea, E. HrtgijfJ 

'^Scape'’'attaekrhJ]'^oj«^4iw .w (P- 




^.'tJnderwood, and dmeased branches and teigs, shodM bfil 
^moved by clearing, pruning aftd cutting off twiers witbii! 


' 24. Herpotrichia nigra, B. Hrtg. 

'^■•tBprnce Black Needle-rust.) 
a. Dmr^tm and mode of Attack 
p’f'te grey mycelium of Herptrichia nigra, R, Hrtg., i 
^ irregular, dark coat on twigs and needles of the spruce^^ 
&'moantam pine, and the juniper, up to about a meter from - 
^ ground. 

I;.'.;- . b. Sulgects of AUaeh, and D'isMiu^. 

^ ihis fungus occurs in the Bavarian Alps only in mountains'- 
ph^e snow lies long, and there is very deadly, naturalj’ 
^^raeration being sometimes,entirely prevented; it is less 
liirtful at lower altitudes. It covers the young plants, iii? 
ae^-beds, under the snow, to such an extent that in spring’: 
cannot remain^uprighl. It also does much damage to 
irmtain pine. Juniper is also attacked. 

c. ProlecHve Measuret. 

p'l Sn nurseries should be made where snow lies in' 


^^^^BJant close to the ftmhps of felled trws., i „ 

V fl. Fungi attaektog pohe8^';i;''ii 
1: Aeeidmm itrobiUnm, Alb. et 
, (Spruce-cone Fungus.) 

^lis luhi^ develops its mycelium in the still ^een setiift 
P^ttce-oohes and destroys thpm. The hemispherical browft^ 
""iBidia are crowded together on the inner surface of theei 

infected cones which ha^e lalto to-4he|pount 

&.|Oui^,.,cone8 _e8riy'in!Bpcin|,^( tdeutos^ftiate-pM 
linown,,--;Tbi9-di^^iBe.peoorfl'f|eK^ 




!OThea'. AJtei* the aebidia burst and disperse their spores, pale^^ 
■soots are left on, the soaies. 



ijg str^Ulinwiiy Alb. ot Sehvy, tin 

Hg. 230.-Sprnoe oone attacked tUe under surface of a scale of 

by Aecidiuiii ttrohilinum, lUs. a spruce cone. 


Sbctiok lil.—P unch atiackinq Broadlbaved Trees. 

The numbers ot dangerous, fungi attacking broadleave^ 
■^^treM may be limited for description here, to eight, beside^J 
■wound-parasites. The most destructive are marling 
,^ith an asterisk, as in the list given on the next page. 

A. Eoot-fimgi. 

SoBeUinia quercina, E. Hrtg. 


;*',Tbe leaves of infected 1 to 3 years old oak se®ings beeomS 
l^aduallj pale and at length.dry up. This commences witM 
ithe topmost leaves and proceeds downwards. At the top o» 
-'^e taproot just kelpw the surface of the ground, the t>arH 
wood turn brofe and shrivel up, and this at lengtiS 
Threads to thp whole taproot and the plant dies. On pullinM 
ipp the plant aiidj examining its tap-root, black spheroi^S 
]:|iderotia:'.ol the' sse pf ia’ pin’s iiead are seen, which spri« 
^^m.'pnffijttoi^'-htpJ^.-thhsomorphs, which liave branches 


&aS 


i. I SpeRjfe attackdd. 1 Natuml order. 


BodelUma Oak . . . . 
(rfaa, B’Hrtg. 


and 1 2. Polyporv-t Oak and birch Banidimny- PolypdfAot^l' 
Jaanfihe8(iu | Jk., ’ nf/m . '.• ji 

thd-woud 01 


phurmi, J!r. 


3. ^Kedria ditin- Beeob,oakiind Ammycetes ^pha^fUnmS- 

Ini othcsr broad¬ 
leaved trcffli. 

4. N. einmtaiim, Maple, b'me, „ 

Pr, horse chest-. 

nut, elm. 

6. AyUotpum ial- Oak .... „ 

eola, Tnl. 


'Jfctyledons 8. *Ph!itaphttu)ra Beech, maple, Pkytmny- Pmm- ■ : 

leaves. . fayi, E. Hrlg. ash, robinia, uetcj. sporeae.'t.: 
dtr ■■ • andconifers, 

3.;. , ■ esp. spruce, 

I ,:. . S. pine. 

Rhytima ami- Maples. . . AmomyadM Rytefititi^ 
'■ «««,Fr. _ . 

.'.A MAamfsimiBar -.■ UniimD 


toetspof infection is very interesting; as the tap*roo^;1 
i^pt at its lower extremity, is protected by cork,- the 8hooti| 
1 the mycelium attack the side roots. At the places where| 
^ branch off from the main roots, little fleshy swelling8| 
^formed,ivhieh send out eonieal procet^s thnongh the.co® 
Iditoainner tissues of the tap-root. - .fL faBgttogrows 

warm weather, and if the weather be djyi tiie Weet^ 
1 the progress!of the fimgas, by Cutting^ off 
;from the still healthy tissues. ' i6y means j 





mycelium cannot 36. i!iie^ 
^lieease is also perpetuated by conidia springing from the 
^portions of the mycelium growing above ground, or by spores 
'Tproduoed either from the sub-aerial portion of the oak-plant 
'ot in the ground, these as a rule only germinate in the ye«| 
■following that of the-original infection. 

b. Subjeeis of and Dukihutmn. 

This fungus is very dangerous in seed-beds and dense sow- 
‘ihgs in the open up to 2,600 ft. altitude, especially in wet: 
lyears. It is common in North-West Germany, also in Wurt^ 
teraberg, where, in 1890, it killed 100,000 1—8 years old, 
seedlings. 

c. Protertive Rules. 

i. Places where the fungus has appeared should be isolated^ 
by digging trenches one foot deep to prevent the spread of the 
rhizomorphs. 

ii. Plants which have been attacked must be at once 
■’emoved and burned, which can always be done in nurseries, 


B. Stem and Branch Fungi. 

2. Polypnms sulphweus, Fr. * 

This widely-distributed fungus, which is very common i# 
rhe British Isles, and has been already referred to as attackij)j| 
ki larch and silver-fir, destroys the wood of oaks, Bwe|| 
^stnut, poplars, tree-willows, alders, birch, etc., and feu^ 
ateea' , ’''.''tl 

; . The infea^n occurs at wounds in the branches of tredi| 
the wood, inv., vnsequenee, turns reddish-brown, cracked and 
iry, the myo^j^'-'p spreading through the cracks and forming 
large felted whife sheets, it also fills the vessels, which on the 
Jffierent sections of the wood appear like white lines or 
^~ints. ’ At Ithe scars of dead branches, or other parts of 
item, large auiphur-yellow, fairly sniooth, fleshy sporocar^ 
ippear annually whiA are somewhat reddish above and ve^ 
Conspicuous. ,‘r‘ ' '';"S 

r. Ail infected trees- should be -felled if this does not open 



PSie 1iOo mucTi, and great care sliould be tiiten (luri3 
rielUngs to avoid wounds. Broken or forked brancbee, whicli| 
git is advisable to remove, should be sawn off cleanly and the'| 
g|iection tarred. 

Wound-Paradte/ attacking Oaht'and other Broadleavtii.. 

Trees. ' 

M such'fungi gain admission through wounds and hrokentf 
•anohes, so that they can be avoided by good silviculture. 

a. Fdypmie dryitdeus, Pr. 

‘iiVhite and yellow irregularly shaped longitudinal marks; 
^ear in the wood, which at length becomes einnamon?ii, 
loured and rotten. The sporocarps are large, brown, fthd j 
mf-shaped, but do not last long. 


i. Polyporm ignmim, Fr. 

iTJie commonest cause of white rot. Infected wood becomw^ 
lie yellow and gradually lighter in colour and softer. Th^ 
^in is at once attacked and decomposed by young mycelii^j 
1^6 fungus, so that oak-wood loses its characteristic odoui;|| 
is absence of wbieh is an excellent practical test of incipienf 
^(indneSB. This fuhgus also occurs on fruit-trees anii 
Ite broadleaved trees. Sporocarps, hoof-shaped. . • '.‘'M 

JiP^l^dinue, Bull, and P. kevigatue, Pr., cause red 

rot respectively in birch, the former having-?otmdii^ 
^»^.j^^;and^the lat^,.inOmB%tionB. 


•bauB<i'4hite rot'in oak and beech. The wood, ari||< 
jwnesi tarns ashvrgrey, at first in; ' 


hard wairSi Later on, these blotches become greyish-yelldwi 
and are filled with mycelium. The sporoearpe, brownish-yellow 
incrustations. 

«. Stermm liirmtum, Fr. 

Inow-white or yellow longitudinal bands surrounded by 
■brown tissue appear in the wood, which is said to be yeUow^ 
m i^Mk-'piped. Sometimes the whole of the wood turns 
unt rmly yellow. The sporoearps, at first mere incruste- 
tionX;:later on assume prominent brown horizontal edges. 
Common in Britain. 


?3. Nectria ditimma, Tul. 

(Beech-canker.) 

a. DeseripHm and mode of Attack. 

'I Beech-canker, which may be recognised by the local 
destruction of the coi’tex, resembles silver-fir and larch 
canker. It may be produced on the beech, either by Nectriti 
didssima, Tub. or Sy insects (Lachnm exoiecatw, Alb., Cocmt 
fagi, Barensp., p. 866), or by frost. The disease is sometime! 
^asioned by several of these agents. ‘ ; 

;The attacks of the fungus may be diagnosed by the local 
|leetruction of the cortex, and the appearance of small wfai)* 
‘■iuftsy)f conidiophores; and later on by dark-red, sphericii 
ssporocarps on the canker. The infection always arises at;! 
(wound caused by abrasures of bark by felled trees, hail, efe^ 
^d ftom the point of infection the fungus spreads more''^ 

R re^larly in the wood, but most quickly along the sie^i 
wood turns brown and dies wherever. iji.;is attacked. 
ipseased portion of the wood appears sK>into the stmhi 
pwing'to the hypertrophy of the growth of th^^tionk of th) 
round the canker. 

Thus the attacked branches ahci stems become spindlo 
evesgr-:.'-year.deeper and, mow 


i'i 




but 



;jpl6, lire also attacked. It is ionnd in thickets S.td f 
.'ears old, bat also in 100 years old woods, and is wors| 
^mongflt healthy smooth-barked trees. ,' 

.- Tnfeeted branches eventually die, and infected trees in the 




pamoti'in'BritiBh Isles, especially on apple trees. It 
k;eqaently associated witJi the attacks of the insects mentioned 
^bove, which expose the cambium zone to the admission of 
ipores, by the wounds they make in the bark. 

e. Proiectm UuUs. 

‘ Cut out all infected trees in cleanings and thinnings, pro*; 
rided too large gaps are not thus caused in the standing-crop.;’ 
Avoid all injuries to the bark during felling operations. . .i 
Affected branches in orchards should be pruned down til 
ihe sound wood (October till March), and the exposed section! 
mvered with coal-tar. 

Burn all cankered wood. 


4. Nectria cimaharina, Pr. 

(Coral-spot Disease.) 
a. Description and. mods'of Attach 

The presence of this parasite in living broadleaved treesl 
inay be diagnosed by the breaking out of the vermilion-:| 
coloured sporocarps, which eventually turn brown and finani''l 
^:Drhite,, on the stem or branches of the tree, cliisfly in th^^ 
autumn, after rainy weather. Healthy shoots suddenly dry r 
up and die, the wood turning green or black. The mfectioS;|' 
takes place at a wound of some kind, chiefly of branches, pw*' 
lalso of roots. The mycelium gr(^ws rapidly in the 
;|)ierc6s the walls of the wood-fibres, decomposes the riarc^s 
vand leaves a green substance within the infected tissues. Tbl£ 
’painbium and bark remain sound, but by the destrueticm 
the wood, the water-supply is cut off from the crown, tli^ 
jleaves wither and drop off, and the shoots dry up. The spor^l 
ipaiTpe appear in autumn or spring on the dead bark of th#i 
fleeted tree% and the danger pf 'infeefion is then greates^i 
^vera ;iro!8fc'di';, sun-blister may, produce wounds, thropg^i 



t niSy be often seen on pea* 6r bean-siiekB^.'^ioi i^oll 
’^^ted with red points. ' 

■S-As,a parasite, it attacks young plants of maple, lime, hoy^ 
Aesifnut, elm, and mulberry, and soon Mis them., Itis 
,*idespread throughout Europe. 



.... .. . ' 7 * 

-(g, SSi.-fMapls stem showing file 
,? fermilion notonreS sporoaaps (<0 oi 
\M«MaHttnaiarint,'Ft. 



Fig. 286.—Section of Mnplo ,8te« 
■ attacked by Metria ematm'im, fj 
Between n and 6 the wood ia colonrei 
. bright gtoen owing to the decompoa 
fionof thefissues.. 



igi(K)spora taledh, Tul. 

(Oak Bark-blister.) 

E ie oa&^at, still possess a''’tBKjbttf,cortex; 

iire9 l?rq^«ia pfees,, either on one side raily, or 
ijuna, .and' the affected part dies. The dead bark may )fe 
pi^ey in little patches surrounded by living bark, or may 
Intend to a:yard and more along the stem. The diseased 
piaoes vary in breallh, being pointed at their upper and Idw^ 
^extremities. The mycelium grows in the cortex, and pen^ 
^tes also into the sapwood, which may become brown antf 
^ie; .the heartwood is not ajfeeted. X' 

I Between the diseased and healthy tissues, a broad zone li 
|ork develops, which excludes water from the inner tissueSi 
.t?he herder of the diseased cortex therefore dries up an4 
^dduoes no sporoearps. Between this dry border zone aiS^ 
^e rapidly decaying bark, cracks occur. The cortex nndei 
phe cork, which persists for a few years, decays and is‘ finality 
^ihrown off. The cankered spot thus produced quickly forms 
«' callus and heals up. * • ; 

I :In the second year of the disease, round or oval sporoearps 
|ippear in the cortical parenchyma, under the cork. In the 
Imidsf of them, one or two (rarely three) little prominent^ 
|)ierce the cork zone and exhibit openings of one or se^'^ 
fperithecia surrounded by white powdery conidia. Thni ^ fe 
&rps in vthe cortex consist of dark brown pseudo-paTOi®^^ 
^atoas mycelia. The • bottle-shaped perithecia, conteinipg 
^ioospores, protrude froto this mycelium. As a rule, sey^l 
|}f these ascospores ocialesce. ’ ' • 'it 

^ It is not ;^^Meoided whether or not this infastioh does my 
teury^idle affected parts.-■ -■ ■ 7 - •■. :tX;' 

W Feft^im/Eartigiiii TvibL (p., 460), attacks^ youhg brpm' 
^ved pknte’^nurs^s and on natural, regeneration arbaX 


^hi&i'itti 
^ that al£ 
Itttdifferent 



irun# • thhsame iodii’fet 

■ ■ -.^9 '■ 




:'8e®d]ing"sfid'l<eaf 

^. J^hytbphthora E. 

;* .^eech-seedling MUdew.| 

ybexriptim ^nd tnode j^^tlMk ,, , 

very destructive fungus,, ftls^named P. mitivor^^ 
causes great damage among beech seedlings; thes^ 
^te'ttffMted, turn black and die from below uptfards, daringi 
:|ii germination or immediately after fte cotyledons hav*| 
’ ■^.sared. The little stem shrivels up and turns brown aboyJ 
id below the cotyledons, whilst they are still green, or dar^j 
.^k» appear on the cotyledons or on the young leaves;| 
$hm six or eight days after fte first appearance of thw 
isease, it attacks the whole plant, especially in protracts^ 
-ihy Weather in the months of May and June. In di^^ 
bather the attacked plants appear as if singed by fire. 
^uently accompanied by Lachmw fcipi,h., a species of aphia,| 
first infection of the beech by the parasite comes fromi 
sspores that have remained in the ground since form^; 
4 Wings. The mycelium, which is intercellular, spreads iritoi 
cotyledons, and numerous hyphse break througli 
lO epidermis dr stomata, and produce lemon-shaped spor.^ 
dgia. After the bursting of these, fresh sporangia are forme(h| 
M t^ie spores are spread in all directions, and in this way^; 
may extend over a considerable area of yovm^ 
attacking their cotyledons, or primordial ldaye8| 
he Ihvelopment of the fungus is so rapid that in raih|j 
..^tor and ip damp lotsilities, in 8 or 4 days after the .fii^ 
sporangia are-formed on the ho^| 
t|^::|^|'Si^..'thieirwaUed oospores Are, produced sexnaM 
i*|im the cotyledons .j' ^ese fall to the ground in the fott« 
remain-alive l?r four years and m<^ 






!i» of Adac^, 

been observed to attaek I 

|%d robinia, at'the seedling stage, and several ccmifeft, espe<rf| 
ally the spruce and Scots pine. Hence the name “mmvora^V. 
rhe symptoms are similar in' these other cases. I{ only th«‘ 
leaves of “the seedling are affected, it may recover, but vi^ei^ 
ever the stem is attacked from below, it snecumbs. WciEi?£ 
drag down infected seedlings into their holes, and hence ga|^ 
sometimes arise ii; whftt was formerly a flourishing liurseryi 
bed. ^ ■ , 

This fungus causes considerable damage to all the sp 
attacks, and the spores are transported, by wmd, mice, 
deer, and by the tread of men or horses, or even cart whee^^ 
Damp, warn years are favourable to the spread of the funs^* 
|t has been noticed all over Germany. 

c. Proleclivt Rules. 

i. Use Bordeaux mixture, as already described (p. 466). 

,ii. Pull up all infected plants and collect leaves lying Oin 
the ground as soon as the disease is noticed, and burn themV^ 

■ Seed-beds sbould be carefully watched in May and June lKi' 
this malady. The workman should wear an apron, in whi^ 
he places the infected plants, -and should take .care hbt fc 
tread on the beds and.bury any oospores. .Any, bed whieb h.^' 
t^n attacked should be examined daily, 
j iii, The soil in nurseries may be thoroughly bilMfedi,% 
Jigging trenches 30cm. deep and 80cm. apart, and filling bhe>';; 
^th dry brushwood and burning this. , Keep the fire geiff' 
|lr two days. ' „ : > , 

Beech and coniferous seed-beds, where the disease ha? 
i, should for several years be used only for transplants 
I it is then best to change the species grown. 


.T. owrm«»i,’T’r. ' 

■ u (By cambre Lea 

||rhiB. fungus spots'(mv'^l'l^yes:,of; 








u* j,v.^w>inijJouiui j.xu'f xuuiu< 

(Willow Leaf-blkter.) 
a.- DesmpUm md^mode of Attack 

Mre ieav^iVQf Bewal species of willow, and especially pi- 
pheir under surface and the ends of their young shoots,.itk. 
fgolden-coloured 


'^ushionsi 
ijiuently turning: 
^ibrown and then 
'black, may appear 
; atHhe end of May 
or the beginning of 
[ June. Leaves which ' 
':have'been attacked 
i.eoOn become marked 
pvith black blotches 
|»nd - fall off; the 
rhadly infected shoots 
i,al 80 die from their’ 
^ips downwards. 
|Phe sporocarps hi- 
P^maite bn the dead 
lying on the 
ppbuod and produce 
Mbrnycelia and 
■ 



shoots. 
dS^se 





■Seiiic aattifiiHe, tVttltl., ii 

A . MtUmpuro Sartigii, , ^ 

leitf irilt'prtoge j-iiloW 








ocaurs'iii Briiya, u 

wte ott the Caspian willow (ScMx amf^jfolk, Willl|^iiw 
^rdtiphuddeg, mminalii, par^mii, 

^lOi: safer most, and 2 to 4 years old shoots a^ W lial^ 

^■^ectioa. ; 

c. Protediw Bides.' 

,. , , ' ' ' '*t 

off and bum all infected shjj^ts as soon as theyartfj 
Plfjed,:.^^ AH infected dead leaves mOtild be collected daring| 
Kj,autumn or spring and burned,;- 
Infected osier-beds may be sprinkled by means of aft/ 
^inary white-washing brash with dilute carbolic acid, one' 
^t .tOjbOO of water." This should be repeated several tiines, 
pd costs about 1«. an acre. Bordeaux mixture may be used;; 
ijCultivation of the Caspian willow may have to be abandoned. 
Men the fungus is prevalent, which is much to be regretted as 
fert^low thrives on dry soils and ys proved useful on railways 
Ppaik:ihlits, sand-hills, etc. 

a^<Zamp«07-a Salkis-Caprem, Pers., is common on S. Ca^r4a,i 
'(wnta, L., and S. cinerea, L., and develops aecidia of 
Emipmi, Gmel., on the spindle-tree. 



PART IV. 

PEOTECnOH AgaIKST ATMOSPHEEIC ‘IHPLUMCEA 




PROfECTlON AGAINST ATMOSPHERIC 
[NFLUENCES.' 


irom me seedling stage up to maturity are subje^; 
10 the influence of the wdather, and may thus be injured m 
various ways. ’ The chief meteorological phenomena in question; 
are frost, heat, wind, (especially storms), heavy rainfall, hail,j 
^ow, rime and ice. ji 

, As a matter of .course, these phenomena frequently aetj 
^neficially on'vegetation; frost disintegrates the soil aai<: 
prepares it for the reception of seed*and the growth of fores|^'i 
plants; the wind disseminates the seed of many trees and: 
shakes snow,from off their crowns which might otherwise ImJ' 
broken by its accumulating weight; atmospheric precipitation 
jnd heat are indispensable for vegetable growth; snow is a battl 


Conductor of heat, it keeps the soil comparatively warm in'■ 
(finte, and protects, young plants from frost. Snow alsq,. 
ibsorbs much air and with it carbon dioxide; the decomposdi 
iion of miufiral matter On which the formation of soil chiefli- 
lepends ii.* expedited by carbon dioxide, so that winters ,wi^- 
ledvy snowfall are highly advantageous in this respeot, 

, Forest Frotection has, however, less to do with the hen^,fiiaf: 
^tion of , these pbemmepa; than with the damagethey m^tc 

acquired by experiejc^ 

.' 

j'jtii'.'aiffladnt of damage done' is' conditional on severid!;. 
^ed^taneee. ■. In the first rank are the ext&t and inteiiBitjf, 
bat tile* season and,the stete of 'tfi'd' 




I'i'llie'amoii6t''^'''!3amage done, as 
[j of gro^ k the foreBManta from their ^th 
jllwl peinta here are the ehemieal attd fhywffll natwe of 

t ihe aititode and aspect of the locality. ThS nature 
s^-^yering may also be of importance.' StD«e ',th^^* 
Pi|fe items may be combined in a great variety of 
linage done must vary greatly according to circrim 8 tanoes.'' l| 
The mode of occurrence of frost, wind, hail and snbw 
should be studied under meteorology, the importance oi A 
jihorough knowledge of which to the forester is obvious.* 
Jdore or less complete meteorological observations and records 
have been made during the last twenty years at the German 
(ffid French forest experimental stations. Of'special import.? 
ance, as regards Forest .ftotection, is a steady and eompl^^ 
recoid of serious damage by frost, storms, hail, snow, rime, 
i^her in one of the registers provided for by a working-plan^ 
to in a special Record of for e»t cdamilies, giving not only a 
complete account of the area affected and amount of damage 
done, but also of all local facts that favoured or attenuated the 
ffil. The results o'f the protective measures adopted must 
i.iso be narrated. Localities specially liable to damage by 
frost, storms, or snow, should be marked in special colours oh 
k range maps. 

circulating suitable directions, and by adopting a uniform* 
Ifstem of recording fact’s, the compilahon of a general 
leeonnt of experiende in vaiipus for^' districts will 1^ 
«|Qsiderably facilitated. 

wwis-BB aeteoWogy, tteftftlowingjlaly be rrfertedifaS 
IMs, K,i;"aTflB«3*figo der Hetbo'rologie,” Sth'edition, Witt'24 
jtt woodeat*.' Berlti, 1896. Bann, Julius, “Handbuieb jJer 
1697. Sugtlsh translatto by Bubert De, Coangf 
|iiom'Ibm4cOo.,.190S,, Daria'"MeteoMb®,” ISS^fJiJtetwofei^ 
!dl8Br|t»aui(a,.T(Jl,.3m4 . 



CHAPTER L 

PEOTECTION AGAINST FE 08 T. 

As regwds its distribution, frost may be either widespread 
or local; as regards season, early frosts occur in the autumn 
and late frosts in the spring. Early or late frost may be 
either widespread or local. Late frosts are commoner in 
Europe than early frosts, and occur chiefly in lowlands, early:, 
frosts being more prevalent in mountainous regions. The; 
extensive damage done by late frosts, is due not only to their, 
frequency, but also to the susceptibility of plants during the- 
revival of vegetation in the spring. Frosts in May are usually 
most fatal, June frosts being rare. April frosts are les? 
dangerous, vegetation not being sufficiently advanced to suffer 
greatly. In the North-West of India, early frosts usually! 
do most damage, as the bright days and cold nights of 
November sometimes; involve daily ranges of temperature, 
of 40° and even 50° F., that are fatal to the sappy shoqti 
of trees., " 

Winter-frosts in Europe rarely injure indig^otis tre^' 
though they may. kill unprotected exotic evergreen plants 
such as laurels, etc. Thf. mild winters experienced in tb2 
west of Prance and of the British Isles, render possible thif 
Outdoor cultivation of many plants whese natural hahita't 
I® further south, and which would succumb to the severe, 
Jointers of more easterly Eui’opean countries, as was the caslj 
with ihe common gorse, and many exotics, in Sdrrey, in 
t895.; ^eda,haye subjected to temperatures of liquid 
wr&qat .ii^^yj-.germinating 

{Mr. Bidracie;Bri)|l‘. 






kW steffiB «: 

, ■Causing cSute in stems of trees.; 

'...Cprooting young plants.; 

Bection 1.—Frozen 1 - 

, •>■1. External Appearance of Injured Flantt. 
iozen plants, or organs of plants, become Soft, flexible an| 
hang down or wilt. When dead, they eventually tijm' brown 
Or black. These outer signs result from the reduced tension 
ibf the tissues injured by frost, and from their inability to fulfil 
Itheir proper functions. Foliage frequently falls prematurely 
pwing to early frosts, a film of ice forming at the base of the 
™tiole, as in robinia and elder, which may become leafless 
i jn a few days, the fallen .leaves remaining quite grben and 
^apparently unaffected by the frost. In other trees, as horn- 
|beam, beech or oak, the frozen foliage may die and turn" 
l^rown, and remain on the tree until the buds swell in the 
ng, the normal autumnal leaf-fall being prevented by the 
|act that the leaf is killed before the usual layer of cork, which 
pauses defoliation, has formed at the base of the petiole. 

M. Mer relates (“Eev. des E. et P.,” July, 1897, p. 424) 
hat in a frost in February, 1896, in the Hautes Vosges, near 
|)e Lakh'of Longemer, young silver-fir attacked by frost did; 
lot lose their lower branches, which were protected by snowj' 
,^|thile their middle branches, above the snow, were killedjj 
'^he buds of the • two or three highest verticils remained; 
Iprmant for a year, producing no'shoots in 1895, and some; 
|f them not even in 1898, whilst the terminal bud produced 
l^er in the summer succeeding the frost. Hence it appear!^ 
pat organs may be affected by frost, without being killedjl 
pgid that the most vigorous organs, such as terminal budsj 
lest resist frost. 


^ 2 . of: 

tth'hy freezing »’u«iij%;iei^^ by late fn^, 1 ms 



oJr '(SeKftm patus o:.'f ..an%, 
p nsualfy dae w a rapid thaw rather than to the direct effeotiu 
p the" low tempetatur^tto which they have -been’e'xposedt j. 
I^iis fe because, bwing to the low temperature, the liquid;; 
Sphtents -of the affected tissues becomes denser, and a ehangS;, 
atisnes in them. The cell-sap, when converted into mini 
Expands 10 per cent., and sets free*part of the air which iC; 
contains; this increases the size of the pores and’thq per-:' 
meability of th^membranous lining of the cell-wall, which; 
loses its powers of resistanee^to the passage through it of, 
certain substances, and allows the cell-sap to pass-into the' 
intercellular spaces of the plant, where it ^freezes. The 
injured tissues thus Income limp from loss of water. ^ 
A similar result happens in the case of frozen starch-paste, ' 
in which the water and starch become separated, and will-; 
,not reunite after a thaw. The air escaping from the frozen'^ 


tissues may also decompose the chlorophyll, and hence the* 
brown and eventually black colour of the dead organs. If, ; 
however, the ice formed in the intercellular spaces thaws , 
slowly, the cell-wall may recover its normal elasticity and' 
jeabsorb the water before the chlorophyll has decomposed. : 


■With a rapid thaw this, is impossible, as the water then remains; 
in the intercellular spaces, and death ensues. j 

The effect of allowing the .thawed water , to beodn:^; 
.reabsorbed may be well observed in a meadow after a shai^ 
;frost in May, when the grass lias been in full growth. Ncf 
ibad results follow from the frost, unless men or animals treal. 
con the frozen grass, but wherever they do, the crushed grasf ■ 
lappears black and dead, as if singed by a red-hot iron. ThW? 
'^B because the crushed tissues will not allow the return of the." 
I’sap when the thaw sets in. The mord water "an organ or plan|, 
‘.contains, the more it is subject to be frozen. The old the6ry| 
r^that plant-cells are 8|)lit by the freezing of the cell-sap, and, 
i-Uonseqaent expansion of the ice, is not true: in the first 
c^aoe, the cell 1s, not filled with sap, and secondly, the o^| 
swall is sufficiently expansible; to resist an extension of 
its v<finm% ppposing. it ,^e‘,fall of, sap and the 
"fenverted 'iBta'1<»i',;r 



fo'niS' }rMi^''BO ileaMy as y^ng 
itain a more watery sap, and whi^, owingvto the scaUM^^ 
|»I intercellular spaces in wood, turn ip ice within the lnmma| 
|oi the cell, at the same time depriving the cell-walls of thetrl 
|water and causing them to shrink. J 

Severe irost may*thus impair the young zones of sapwood^' 
||n, a tree without killing the cambium. The formation ot; 
peartwood may thus he hindered and several zones remain^ 
^termediate between sapwood and" heartwood,'forming a ring-.; 
Ilhake in the wood.- Or the sapwood may be actually killed.' 
land separated from the cambium, which continues the circum-' 
Iferential growth of the wood outside the dead,wood, so that* 
Rafter the tree has been felled the inner portion may be found; 
completely separated from its outer zones by cup-shake. ■ 
I Molisch agrees with H. Miiller Thurgau in the theory that 
^acbs’ view that rapid thaw kills plants is not generally 
Iporrect. Hess, however, considers that the results of experi- 
lience in vineyards and forest nurseries are strongly in favour of 
ffiaphs’ view, and also slates that Thurgau has reconsidered 
pi8|j)inion, and has shown that a frozen plant-may be saved 
^y slow thawing, that would certainly be killed if thawed 


3. Ammnt of Damage done, 
a. General Natw, of Damage. 

ijate ana eariy frosts often kill young plants and destroy the' 
Ipliage, shoots, blossoms or young fruit of trees. This retards! 
Iieir upward growth, causes a loss of increment and reduction' 
quantity or complete loss of the crop of fruit; thus the, 
management may be impaired, especially when natural! 
regeneration is desired. Early frosts hinder the complete 
Ipening of the wood, especially in coppice-shoots; by the;; 
^ly fall and killing of leaves forest trees suffer a loss inj 
imtasb and phosphoric acid, if these substances have not 

do bdfore the norma® 
zones of wood whicli 
may be reepgnisedte^ 


l^pletely returned to the stem, as they 
Owing to the nanow annual 



iS stem. Frost also cbo^.- 

^rtain forna 61 eanker in broadleaved trees. ;; 

The physiological effects of severe winter-frost consist chiefly ; 
ip killing wood which is not fully ripe, and which has been, 
,ifpared by the early frosts. In this way, either the younge^ 
i'shbots, the autumnal woody zone, ,or the whole annual ring pE" 
'■wood inside the camibium-zone may suffer and cause e%-sh^« 
iin wood. Where cup-shake is thus caused, the'concentrated, 
jsap in the Cambium-zone preserves it from daraiage, while the", 
■ .zone of the sapwodd next to it becomes so dried by the freez.;. 
';ing of the sap within it as to separate partially or entirely? 
i’from the cambium. Mechanical injuries done by winter-fro8|; 
will be described further on. ' 

(■ The damage done under the headings: species, tree-part,-, 
■‘system of management, age, locality, soil-covering, density of; 
•stock, and weather will each be considered separately. 

li, Si)mp,s of Tree. 

As a rule, broadleaved trees are more susceptible to frost, 
'than conifers, and species which prevail in the south suffer 
more than thosedrom the north. As special conditions affect-; 
ing the extent of the damage done by fro8l,|the degree of, 
idevelbpment and power of recovery of the plant are important' 
stThus the beech and oak are equally liable to injury by frosC^r 
'but the oak suffers less than the beech, as it shoots out lati^'. 
t in the spring. f 

I As regards recovery from damage, the oak is also mme- 
^favoured than the beech, f& if its leader be frozen, lateral 
P'buds develop new leaders, but the l)eeeh having fewer dormanlf. 
jbuds cannot do this so well. The oak can also put out a" 
Specond foliage during the year if the first be frozen, but thp 
I'beech cannot. Henee,iWOod-formation is less hindered in the‘; 
look than in the beech. Sinqilar considerations affect other 
Ispecies. As regards .conifers indigenous in Central Europe^ 
^he silver-fir is' most susceptible,'but I have had a bed of 
l^earling silver-fir at: Coopera Hilji» quite unprotected durii^; 

winter 190M.; .and pl^te# th«n out safely under cover 
™ring. Older hkd their yo^ 



s the earliei; or later shooting out of a tree depends on t@ 
ititude, as well as on the species grown. : t| 

■ The following list, groups trees^aoeording to Iheir suscepti j 

i. VkeV KkOST-IENDEE SPFXJIBa. 

iish, walnut, plane, sweet chestnut, beech, oak?,* rohmik| 
'^ly frosts), Ml ver-fir. ■ 

li, Mobkratew Pkost-tekder SrEciaa. . 

■ Sycamore, Norway maple, Salix vimimlk, L., spruce,4aron,; 
luster pine. ' In many localities, spruce suffers so severely a?i 
0 be placed in group i. 

lii. Feost-hardy Si'Eoies, 

.^.Sornbeam, elms, rowan, aspen, poplars," willows {except 
i. viminalk, L.), alders, birches, horse-chestnut, limes, hazel^; 
ioots. Black, Weymouth, Cembran and mountain pines; 
iiniper. , ; 

In the case^of very severe late frosts', species in the last 
’.roup, such as the Scots pine, may suffer, or be killed wheii 
<nite young. I 

v‘If the locality be taken into account, as sea-coast, flat.iilly,^; 
^ mountainous land, some modifications must be made in the^ 
^bove groupings.' ' ■ ; 

j: In general, local trees which ^oot out early are more oil 
rbas frost-hardy, fot instance, the birch, alder, and sallow'^ 
Vest-tender species such as the oak and ash shoot out later i^ 
^ spring, and-the beech, which shoots earlier than eithei| 
■.jwes its immunity from frost to its i^wer of resisting covs^ 
iSnder which spring frosts do not ocrmtyV Tlie faculty of prel 
,|ucbg adventitious buds (oak and silver-fir) is i|ipfnl to. thos^ 

jVfSoiea . .. '' 

|\The larch, which shodta^out ?ftrly in. the sjuing, snffers-li 
-^^tdtuaiions from late froi^ 




-winter-cold- 

liffewnt seals applies:— 


the foltswing' 



i. Vert Frost-tSkokk Si'Rcirs. 

' Sweet ebestnut, plane, -walnut, many fruit trees, such S^': 
ipricot, peach, quince and cherry.* ’ . 

ii, 'Somewhat THosT-TEHOBitt SpKCfEs. , 

/'Pedunculbte and sessile' oaks, ash, elms, beech, robing 
llver-fir, yew. 

Fnst-Mrily Spffm. 

Maples, horse-chestnut, lime, poplars, willows, .hornbeam^; 
)irch, alders, Piim sp., hazel; spruce, Scots, IWeymonth;- 
dountain and Cembran pines, larch,, juniper. .i? 

Pyramidal poplar is the least hardy of the poplars, rowa% 
east hardy of the Pyrm sp. The Weyifionth pine may send 
lilt second shoots in summer, which are usually killed in 
lutumn or winter. 

■ As regards the susceptibility of exotic trees that have been 
ntroduced into Central Europe, the following experience has 
Men gained in Germany:— 

N. ' . ' 

i;, SuaoepWbllity of Exotic Trees to Late and Early ErosC 

Vkrv Fkost-tendrk Spkoies. 

fJBiael walnut, all hickorie|^^ Turkey oak; AUes Aorunwwg' 
Spach. (CaucasuB),:<,^C^laB fir, Jeffrey’s pine, Pim^^ 
lAws,’’ , ' -; ,-''-"sf 

li^k walnut- is slightly less susceptible than eomnw#. 
Iduut. Carya mnara, Nutt, is the barest hickory. Nord* 
^nn’s fir, sprouting late, is less susceptible than commott, 
ilTer-fir. 

ii. FROST-TESata Speojss. 

fey^ioah ash, grey walnut (Jnylotmiincirea, L.), sugar maplet 
Srrfi^ian'tiia^e Pursh.); gitka (or Menaffj’ 

pace, Jdp^ 


ifi. I'HOST-BAIIHT SP*!*!®®.' 

Canadian poplar, cherry birch (^fhda mta, lii},* wuj,’,; 
;i^ruce, Pinm rigida; Mill (pitch pine), LawsK^’g Cypre^- 
'^eqmia WeUingtoida, Seem., red cedar (J’wniperag virgi^ 
■£(((,'L.).. ■ ' , ■ , 

Youn^ Seedlings of pitch pine are occasionally killed i)| 
&ly frosts. Lawson’s cypress and Wellingtonia are soxSewte) 
feceptible to frost for tL first 4-r-6; 


B. Susceptibility of Exotic Species to Winter-Frost. ^ 

^ It appears useless to give Hess’ list of delicate species, as i‘ 
^includes some plants that are quite hardy in the Briti^ Islesl 

Fmt-hanlg Sjiecies. 

I Bed oak, ashleaved maple, sugar maple, American ash, ab! 
|*fiickories, cherry birch, Canadian poplar, Nordmann’a fir. 
iBalsam fir, Douglas fir, Sitka spruce, white spruce, PiiWr 
‘j^ponderosa, Laws., Japanese larch, Lawson’s cypress. Welling 
tj^nia, red cedar. * - 

1 ^ From these lists, it appears that the introduced exotics 
jv^ardly suffer more from frost than indigenous species. Several 
k|pecies not nientioned by Hess, such as Thvja gigantca, Na*- 
|.t8ll {T. fikata, D, Don., according to Sargent), Taxo0^. 
Bich., are frost-hardy In Britain. In the westi- 

E BriMsh Isles numerous species thrive, which cannot 
d the frosts of Central Europe, or ev^ of thr^ititw--- 
itiea of Great Britam. 


!; raifo/ fm. . 

K- ,1316 inflorescence, opening leaves land young shoots saff’' 
gost; the develop® -leaves and needles less, and least of ’f; 
buds. Bi. silyerrfir and sprui® the damage is newif 

oonfiued to the spring-shoote, fte';bld.,,he^lea es®^' 

Paflaain thfiili^fir the.temiinaj buds .o|)&.ipit;iater,^j; 
phe lateral huds, the latter <are ;iDore r*‘— ~ — 



he Mttiag bf.cdppice is delayed in t&e'4pni3l||; 
-<|be annual ^dots may not be completely lignified before the|' 
exposed to early frosts. The underwood in coppice-witb# 
Istandarda suffers less than simple coppice, owing to thes^t^‘ 
ijftfforded by the standards; The various shelterwood systems 
'■constantly afford shelter to young growth, and are therefore 
less liable to danger from frost, than the systems of 0oppic|; 
and of Clear-cutting in High Forest. 

e. Age of Wood. 

Woods are most, exposed tb danger in youth, especialljf 
during the sprouting of the seed; a single frosty night at thM' 
■period may at once annihilate the results ofrfi forester’s care;-: 
The chief danger continues until the young plants have grownf* 
above the local frosty zone. As, however, this varies accord-1 
. ing to the couliguration of the ground, a scale of susceptibilityi 
for each species, according to age,- cannot be attempted. 

Quick-growing speciea ,in, breezy hilly localities are ‘mosli’ 
i;favourably situated, while slow-growing tender plants in valleysl 
s'and plains suffer most. 

* ■ In the case of widely-spread frosts and exceptionally lov|. 

• temperatures, the leaves and'shoots of taller trees may suffe^; 


^ ■ /. hocaiihj. 

The following localities are specially liable to injuries 

i. Damp, low-lying places with stagnating air, for ing......;^,- 

Inarrow, closed-in valleys, or small depressions in the groundj: 
ftermed frost-hollows. In such plaras, frost-hardy species suei 
hornbeam, aspen, and birch are naturally invasive, whii^| 
|flie ^ore valuable species become stunted, and there is getter 
^»Hy a pleidiifttl coating of lichens on'.the trees* If, in sueji 
^^ressions, the soil is moist or wet, or there are water-cours^' 

K swainps near at hand, the evaporation of' the water stili: 
rther reduces the temperature, whilst owing to the absen^' 
I tur is hot replaced by warmer air 
•'.I^’^oh ’’1^ cohi^,-the ■ is -diry,.;^- 


'sr/'J.'*-- 

■' "'iSldkl 




IsftfeniS 'fo! ii^v^ cold aU Iroju,above, 
r^lakVoYor tie low -ground .and causes sHarply-defiti^ 
fostrliniits. • 

^-l^lfirpods: on north-easterly, easterly, soutii^a6terly'',i^^ 
|pd&rly aspects suffer niost from frost; on the t^F^‘ 
former aspects, because; unless sheltered by a hill, they an 
exposed to cold frosty winds, whilst' the sadden exposure t(^ 
^ sun’s rays after sunrise increases the danger of easterly^ 
i^ts. On south-easterly and southerly aspects gro^ftM 
logins earlier in the spring than on colder aspects, prolongin® 
Ihe period of exposure. On pouth aspects the variations of| 
temperature are also greater than on cooler aspects. Northerly^ 
and westerly aspects are least exposed to injury by frost. 

iii. High plateaux are more heated by the sun than low-» 

lands, where the atmosphere is denser; vegetation on them i8| 
therefore more precocious. But the radiation of heat atjs 
night-is'greater than in lowlands, and consequently there is a ’ 
greater range of temperature, while woody plants stand Budden| 
Ranges from heat to cold worse than intense cold. i| 

As a rule, valleys, lowlands, and plateaux'suffer more fromj 
fost than hills and mountain sides. ■ 

iv. Wet impermeable soils, sjich as cold clays, induce loffj 
air-temperature, and frost holds out longer there. The riche® 
^ deeper the soil, the more quickly do plants recover fro^| 
feezing and grow out of the reach of frost. 


■ g. Nam» of SM-mmng. ■ " 

pi A dense and high growth of grass and herbage increases t»|§ 
■danger from frost, as it prevents the soil from being heatedS 
diminishes the circulation of the air, and reduces the teinperftj 
;|qre by transpiring moisture and radiating heat. Fro^ 
pservations made at.Tiemheim in Hesm, the temperatn^ 
wer an arfea covered^wirii gra^ imay be 16“ F.v lower, 
ph a plot,of similar land bar^ pf vi^etation. .Oh theot^fe 
iand,a lightly shading ^owth of •birch, salldw, iroms, broo)^ 
reduce radiation, and^tbiU preserve from frost 
Iii- 'wjjich may ibe.p:owlng''h)^hg the 

■' V%Ehdffl'donlfri^'ah 81 kbrw'j 8 a' &e .'Bame,,'.ft<^- 



teve'soS,'(Sonpi in'tlil^ 
tormer case tte frost remains longer. 

h. Density of Storm. 

f ; Natural regeneration-areas as well as pjantations ana sow. 
ings under a shelterwood, which reflects back the radiated/ 
heat towards the ground, whilst the crowns of the shelter- 
trees prevent rapid changes of temperature, suffer much less 
from frost than sowings and plantations in the open. Youngj 
plants suddenly exposed by the removal of a shelterwood are 
highly susceptible to damage 1)y frost, and large areas .J^-J 
spruce 6 feet in height may be thus killed. 

Damage by frost is mucnless in well-stored woods than' 
where blanks or thinly-stocked places occur. Unrestrictedly 
radiation of heat and non-circulation of the air expose such / 
places to frost; in the same way young growth surrounded'by? 
tall woods is often frozen. 


7 . Stale, of the Weather. 

The clearer the sky during day-time and the brighter the 
;night, the greater is the danger from frost, especially with ah;' 
jieast wind. It seldom freezes with a cloudy sky, as then the- 
heat radiated from thS ground is reflected back again by th^i. 
ihlouds. Late frosts accompanied by rime are more dangerouf; 
:ihan black frosts, as the coldness of Uie ak is still furthi^; 
i^fareased by the evaporation of the frozen dew. In a {ft# 
longed frost, accompanied by cold d'ry winds, the frozen twigs? 
ftnay be dried up and killed. A wet autumn generally; 
^creases the subsequent bad effect of the winter’s cold, i 
f* As a rule, in Central Europe, all 4anger from frost is over;, 
the middle, of May, but exceptions may occur, and in 1892; 
grass-temperature at Coopers Hill, in Surrey, from th(ji. 

16th Jun^ vpied between 26“ aqd 32° P.|" 
potato-shoots and'bracken were frozen and kill^ 
§ 1 .- the; peighbpml^d.; In, moantainous regions,' late frO^* 

ii^tlje^ninth -of- India, nig^ 



rotate) and othiif wintfer-gii'^ ari^ OTS»'gre^^ 
i^ .a« Very extensive damage was done to saplings ain|| 
'NvW,'India by severe frost in Pebriljar^,10» -'ll 

’ 4. Begister of Severe FrotU, ■ 

^Damage by frost is usually local. There are, however,.';| 
^ears in .which damage is done over extensive areas, these'' 
(feaiw being termed frost-years. The dales below refer solely- 


aa vr? V V vv4f b w* it 

'i-iidn Central Europe, during the fifty-two years from 1848 to,^ 
i^9, severe late frosts occurred,'on the average, every other ; 
»; the worst years for persistence and severity ofithese. 
frosts being 1854, 1866, 1876, 1878, 1880 and 1894. .Not a; 
single month is’absolutely free from frost, not even July or; 
August. On May 21st, 1894, the foliage of the oak standard?: 
in tlie lower ground of Prince’s Coverts, near Esher, in Surrey, 
Us ontHely destroyed by frost, whilst much damage was also 

P ip the ash and other underwood; the ciwns of the oat 
, which were blackened by the frost, did not bMomei 
j^^pletely green again till the middle of July. A similar 
ipvent happened in the FcAest of Dean on May 29th, 1819.t . 
|; In Central Europe, during ^ present century, there, has 
ieen one hard winter every five or six years, the coldest years 
feeviods to 1895 being 1829-30 and 187T9-80, when at Giesseii, 
L the 10th December, 1879, and in February, 1830, tempera^ 
iires of 31° and 25° below zero, F., were obsei-vpd. The lowe8| 
BjiTOSsiteres measured at Coopers Hill were 16 F.,. 
pUihbet, 1879*, and i0°-l, in February, 1895._ tough? 
TOfOngh is one of the coldest places in Britain, and its minima 
R % 8th, 9th. and 10th February, 1896, were 6°, 4° and 1,| 
Row aero, F. During 1896, the frost conthwed night ai^ 
E,,.at Coo^rs Hill from JanuaryI25th to February 18t^ 
lasted till the middle of March. 




m F6rmmn of vioon, = 

’ i. Drain wet places and all swamps in the' forest belore; 
jMtocking. , ‘f 

( Moisture is not always favourable to frost, for Wolliiy’ 
^ates that dry humus has a low specific heat and is a bal 
jonduotor, while wet humus has a high specific heat and is li 
good conductor. In aecdrdance with this principle, cranberrjl 
swamps in Carolina are irrigated during the blossoming 
period, when frost is fear^; also, in Northern India, vegeta^ 
gardens and sugar-cane *ops are irrigated in order to obvi^ 
danger fro,m frost. In sphagnum peat-bogs, a thin layer 
peat is left at theftase of the bog, when the peat is cut,;fi 
order to reproduce the peat, and unless this is kept wet, ffoi 
and drought kill the peat. . ;■ 

ii. Abandon attempts to grow frost-tender species in th< 
ppen. Such q»eoies as'beech and silver-fir. should not b( 
grown in l)ad frost localities, and, in any case, should h( 
protected by planting beforehand, or simultaneously wi^ 
tiiem as nurses, fast-growing hardy trees, such as Scots pint 


larch, birch, or white alder. 

iii. Natural regeneration under a shelterwood and keepin 
seeding-outtings dark should be preferred, especially on easterl; 
•or southerly aspects. Low, branching shelter-trees should h 
^pruned to promote air-circulation. ; 

r iv. Strong transplants should be used, plants with baMK 
l^udih and mound-planting being preferable for frOst locaUia® 

& wet ground, ridge-planting may be adopted. ' 

f “v. Protective belts, 30 to 40 feet wide, of spruce, or 
Ipini'may be established along the easterly boundaries 
Stft wodd. 

; vh Where areas to be restocked are covered with a .deni 
yowth of grass or herbage, this should be removed befoi 


dantmg <w sfwing is attempted. 

Traaspdhto Aouid be lifted frran to nursery m 
n^e plaritiijg^^son and heeled»in in shady places 
ifea to be plants,.:in;.;OT^ to delay toir sproating; 
feplantedbH(te.»:i^ 






frosts AtU to be feared in : 


j,following rules should be observed !— 

■ They should be situated on northerly or Horth-'wes+^>^'^ 
aspects. 

Seed should not he sown too early,' say before the 
of Hay; it should be well covered. .. ^ 

In autumn, beds "Of seedlings may be covejed witk| 
brushwood, and seed-beds with dead leaves, moss, or| 
saw-dust. In spring, brushwo^or shelter-mats may bej 
used. These latter may be'plaeed on light wooden| 
supports and can then be removed and replaced at will. * 
Smoky fires may be kindled dnrii% the night, the' 
clouds of smoke preventing radiation from the ground.,'* 
This practice is extensivelyfollowed in French vipeyards,^! 
coal-tar, oi’ small boxes filled with refuse resin, being4 
burned. , . ■. 

Plants which are covered with rime may be watered with^ 
mid water before sunrise so as to delay their thawing, v 
Nurseries should he kept free of weeds.* 
pitl) Tender ornamental evergreen plants may be wrapped! 
p during winter in matting or straw, until they have grown,;, 
syond the reach of frosts. The so-called hardening of transk! 
ladts which have been a few years in the ground is due tc^ 
that their roots get gradually deeper into the 8qil, an4^ 
^uCt the heat of the soil to the plants better than supeifi 
Covering the base of transplants with oinder-dirt,^| 
.protects them .from frost. ' ■, 

,;'jtoi,|»rts of plants, which in spite of these pfecantions hd^ 
riffled by^bst, should be pruned, and frosen plantsj suc^ 
whieli have colkm-buds, ma^'ie Out baell 




Ills Wtercnange ot air m tne loyer straia ag 

ae atmospherei 

I'i ii. Preserve the .natural soil-covering of dead leaves,;' 
ladles and moss.' 

c.' During the UH^tion of Woods. 

i. In natural regeneration-fellings, the shelterwood should, 
lie only gradually removed, the final felling^being delayed tilt; 
^he ‘plants have grown nut of the reach of late frosts. Ip': 
irosty localities, regeneration-periods will he long—from 2® 
!|o30yfflirs. 

ii. In the cA^pf ciear-cuttings, only small areas shoul® 
ihe cleared at one time. 

I . iii. -A, protective belt should be loft intact on expos!^ 
^easterly-and north-easterly borders of a wood, at any' ra^ 
nntil the young growth which it protects is out of dagger fpoi?^ 
^cutting winds. . . 

jf'/iv. Coppice-fellings must lie effected in the spring; 
;4aade in autumn, wintepfrosts would injure the stools; thej 
£; should also run from west to east, so as to protect the young 
^growth from cold winds; this precaution is specially necessary! 
i for oak coppice, as frozen oak-shoots thaw rapidly 
i^^posed to the rising sun. 

•S.' • ' ; ^ 


Section II.— Frostceaok. 

1. Bxterml Appearance.. 

' 'FrmerMh are long splits caused in stem 
rhich start at the bark and proceed radially and more or les^ 
leeply towards the centre of the tree. They are frequently 
ollowed by the formation of projecting longitudinal ridges op 
he stenj of an affected tree, which are termed/ro*t-rii«. 


%- $xphn 9 ti 0 H. ■ 

B!|bstcra<is^WP due to' tfe contraction of the wood along ifi 
pdph^and't^ius.’-ICTm.^ tD extreme cold. 


that ;l^‘ 


i^'^eeiesi^jceJ 












jieheiiratiiBg iriore deeply towatdS the centre of 
^ tree. The expansion of the sap, which flows into the crack 
|hd freezes, alro assists in further splitting the tree and in>; 
Extending the crack to the Centre. 

' Most frostCraeks occur on cold nights, between midnight; 
and 8 a.m.; when the temperature is lowest, and the contraction 
of the wood is consequently greatest; the split is accompanied 
by a noise like a pistol-shot.’ 


8. Damage done. 

A. General KTature of Damage. 

The timber of trees cracked by frost is of reduced technical 
value, and secondary dam'age by insects or fungi may 

supeiwene. ’ ^ 

The extent of the damage depends on the depth of the 
crack, which varies with the severity of the frost. ; 

■ l?roatcracks close again with the rising temperature, aftei 
the iCe which has formed in the wood has thawed, and thf 
sap fills the cell-walls again. A new zone of wood forms ovei 
; the wound; owing to the reduced pressure of,the bark, thb 
W zone is broader than the previous ones. If the' coh 
iScontinues to increase the crack increases in length and depfe 
^rostcracks may attain lengths of 6 feet and more. 

In subsequent years considerably less degrees of cold h 
^^ihter suffice to open out the crack again, as there is only ^ 
ahin wood of one year’s zone to be cracked. It.is closed 
during summer. If this process be repeated fc 
^^CTal successive cold winters, owing to the successive su^i 
fbosition of annual callus growths, a bevel-edged projeetiiH 
^rmed a fmt-rih, is eventually fermed, as shown in Fig. 23! 
i|t there should , be a succession of mild wmters, a frosterac 
^ay heal np and not extend any further. But the bar] 
Si^hich ireez^'miwh less readily,.and is therefore less liable 1 
^ntraetioh, wpod, may exercise tension on the lath 

S jl-hd preyeat.4'l^^.fer*c&|,. even in; Hard winters.'' In sm 


% loerinh^sd.^ 



1^.7 frequently ensue. 

B. Damage done In Particular Cases.>. « ‘ 

» (a) iBpccirs.—Hardwoods with l^e, medullary rays aie 
^ost subject to frostcrach. Deep roots also favour itj as they^ 
into zones of soil which are only slightly affected by the 
pit temperature and thus keep thS' stem comparatively warm.; 
ffipB difference of temperature Imtween the outer and innet 
ii^S of the wood of a tree increases its liability to crack* 'V 
SOak, beech, walnut, elm, ash and sweet chestnut, ard^thq 
pees most subject to frostcrack, and Turkey and sessile oaks 
Imore than pedunculate oak. T.he sap, which pours from the 
&ound after a thaw, turns dark brown and betrays the injury 
phich the tree 1^ received. 

K Frostcraeks also occur in the case of softwoods, such as the 
perse-chestnut, lime, poplars,’ and tree-willows. They are 
&e on conifers, and then chiefly on the silver-tir. 

^(5) Part of r«c.—Frostcraeks usually occur in the lowei 
^art of the stem of a tree, especially at places where the growth 
^ uneven nfear the root-stock, at knots, or where the stem it 
pccentric. ■ < 

1 ^ Splitting is farthered by I'oCal wounds owing to the admissior 
of sap, and is very common jn the case of coppicf ■ 
^oote which have been allowed to grow iito trees, and w|S^i 
||iB always unsound at their base. Splits from the root-stod 
Soeeed upw^ds and from a knot downwards; on eccenrt 
^»s, they ate always towards the largest diameter. ; S 
pth 'the caSe of stems of a regular shape, the south mdi 
ifets rdostifrom frostcrack, and tjmii tlie east ah<l noJ^ 
the westerly side suffering least of allC The soufc sidi 
8most, because the most vigorous circumferehtial grow^ 
I place there, and the tissues are ici^quliilly 4fi^ 






ao'iarea (>f'"7,400 acr® 
^4 M altitedei. of 426 {eet,' where the treatment is tha| 
^ coppice-witJi''Standard8, and the soil, clay with an imper? 
I&eable ^bstratnm, over twenty per cent. o£ the oak staui 
Jdards are frostcracked. Frostcraek is also very prevalent in 
thh seventy to eighty-year-old oak-woods in. "Windsor Forest, 
owing to the absence of underwood, and it is also extremely 
common in the open partB*of the Forest of Dean, where the 
underwood has been browsed down by sheep. 

(d) Age of 2’w.—Large old trees, as a jrule,' suffer mord 
from frostcraek tham younger trees, because the differences in 
■'temperature between their outer and inner woody zones are 
greater. 

! (c) Locdltfi/.—Fertile and moist soils favour frostcraek. I| 
is very frequent in narrow valleys along watercourses, where 
the night temperature falls exceptionally low in winter. „i 
if) SeosoK.— Frostcracks geryjrally occur late In the winter. 
( When the sap begins to flow, provided intense cold shoulo 
' set in. The sapwood then rapidly cools and contracts, whih 
'vthe inner zones of the wood retain a higher temperature anc 
|do not. contract. Long-protracted and gradually falling 
^(ttoperatures are Hot dangerous. Storms increase th^ 
^dlangw by blowing the mzea stems backwards and fofwai^l 
pven considers, it probable that storms may oeeasi^ 
^jferacks at the commeiicement of a thaw, but as tile 
§dnes of the wood would then be expanding, whilst the inii^ 
tflkales remain cold, a euf shake, or separation of the wbbi 
%;ong a portion of the whole of an annual ring, would probablj 

f. Protective Sukii 

1; ThoWu^y drain wet soils. \ 

Keep i^ie density woods, and underplant al 
fire oak high fdkests with a stade-bearer, such as beech o: 
Iver-fir. 

.iii. Istahlish'llot^TO bd^ d spruce along- the north 
istera, 'boohdaries' oi a wood>"I^ 



Section III.— yBOST-CANKEB. 

1^ Cankers may to caused by frost among yoiing broadleai^ 
^pecifis, such as'oaks, ash, maples, toech,,frait|^ees,. efcCi 
jwhich have not yet grown above the local frost-level. Thus 
;*t the base of a young s'>o5t, which has been repeatedly froae; 
fdown to the main stem, the living bark separates from the dea 
^Qod. A callus forms round thg,wood.in the growing seasoi 
l&t is frozen on the recurrence of severe frost, and as, i 
feost-hollows, this may happen annually, a canker is thn 
Hormed, and the* wood may be killed down to the pith, on th 
igide from which the branch arose. These cankers are forme 
.sear the root-stock of oaks and ash growing in depressions o 
-stiff clay soil; they may be distinguished from others caiwe 
<by fungi, as they increase in size only after severe frost. 

Frost-cankers on Slwrea rohusta are very common in frost 
Impressions in Northern India, the shoots being killed dow 
the ground annually until' an abnormally large flattene 
l^ibol is formed. Coppice-shoots of a variety of sweet ehestnt 
Ifrom the south of France are also similarly frozen down i 
jAlsace, while the commmi variety of the tree produces splendi 


Ssciito iV.-^nPEooTiNo OP Seeminos bv Fhost,. 

1, General Acegfant .; 

During February and March, when night-frosts alternate wn 
wsin % day-time, it is often fpund that young seedlinj 
raised with the soil, and in the subsequent thaw, when tl 
fiato feadk again,’their roots lose their hold pa the grouri 
fh«;i&8Mhw:ehd die. This 






la suchrcasmti^iu'^^^^^ raised 
a water in it to iee-«ri8We», *tid thq: 
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•i^tl.WJlfeciaiy' those ot saanow-rootea species,, shoo, a» spri^« 
alder, beech, hornbeam, etc. Even ash, sycamore, lai® 
^3ver-jfir ar6 not, unftequen^: uprooted, in this way, 
:;^testnat, hazel and oaks escape this fcap of injuryion aissoit^ 
the depth to which their tap-root descends during germinif^ 
5^on. The greatest damage is dope in nurseries to, seed-bpd^ 
bedi oi transplants, and to sown areas in forests. i,| 
—Certain soils and localities suffer more tlimfe 
^&er8 in this way. Thus, provided they are moist—fin^ 
i^lpils, such as peat, fine sand, marls and loain, are^moslf: 
^posed to frost-lifting. Dry Sandy soils do not suffer, ,As a< 
4|ule, the finer-grained a soil is, the more water it e,b8ori)S,, 
S^pd plants are therefore more easily lifted in such si ^fe 
^hilst in coarse-grained, sandy soil the water descends, 

^he surface is .therefore not subject to. lifting. Soil bare dfi 
^ifirbage is also more easily lifted than soil which is kept dowii' 
the roots of grass and weeds. , ; 

®|..A8 regards locality, deep depressions suffer most, as ther^ 
^ythen less, chance of the moisture draining'away'. Warm; 
^.^gpeete, except westerly ones, suffer most, as, on them, thaw- 
^^andlfeeezing follow one another most frequently; northerly 
^^ehts hardly suffer at all from frost-lifting. , 

^ 8. Protective Bides, 

ilus Forest.—Drain away dl suherfluoUs Dioi^aW' 
drains; drain-pipes maybe used only innurseriw,; 
-=.=^ftTiting should be preferred to sowing, and ball-piantifig 
brat e^niaty against this evil,%hile sprmg-plantinf^ 
less thsai autumniplantingi : ’^here: ^wn^S'. ;^ 
M'.nEnxed with the seed, w;ln<d>r.Bjbnd^M 
dmttrfy. 


mm 





61 plants, fill wife ^w, <£»w ^ 
Qualities thus produced in the beds... '. ' ■ ’ 

■ ilt is advisable in autumn to liftve a few weeds in the-b^ 
Es' feeii" roofs gii^s coherence to the soil.' Any plants whife 
lave been uprooted by frost, should be at once replaced, an^ 
be soil placed round them. This is not an expensive opera; 
ion if boys are employed, and costs only from threepence hf 
lourpence per thousand plants. 


’ ;.n^,.^EiE. Maratoi. . 



CHAPTER n.' 

!^4 lEOTECTIOK AGAINST INSOLATION. 

: iNsoiiATiOK may dry up seeds and young plants, or tmgs an« 
itanches of trees; it may also $corch or crack the bark and 
:ood of trees. ' * ' . j 

Section 1—Dboijoht. 

Appearance and Cauec of 

-pc period of more than 14 consecutive days iirithoh|||8 
Armed "absolute drought"; a “ partial droughti 
dr 28 days the average daily rainfall is not mprh 
me-hundredth part oh an inch.* ^ , 

Woody plants and parte of them which have been dried Ibj 
'he sun, have much the same appearance as if they had be^ 
■rilled by frost; blossoms, leaves, needles and young shoola 
drst wilt, then gradually turn brown and shrivel up; the] 
lliially fall off, although dried leaves may remain for a lohj 
yme hanging on the trees. ’ • 

€ IThis drying-up of leaves and shoots is the result of pro 
Ipnged hot, dry weather, which abstracts much moisture fron 
plants and from the soil; transpiration being thus great^ 
increased, plants pass off more watery vapour into the ai 
their roots’can absorb from the soil, .which, becomih 
^^f^lially drier, is less able to meet their demands. Th 
^^iti 9 n of heat on forest plants is therefore indirect, as, thu sun' 
•^ys do not kill them directly. 

2. Dannie done. 

;■ 4 .; General, 

’of, the ,tte(te#ry.'498p!ivii«B»® 

lomTir'it frit. 





(1887). Dry year's, as well as frosfyears, may be detected 
6Jie transverse seetions of a bole by narrow anmial zones, -p 
i: ifrofesspr Henfy,* of Nancy, measured 260 trees in order 
ascertain the-loss of diameter increment, in the very df|| 
summer of 1893, with the following result: . 


Spedeg. 

Sol). 



OaV ... 

Loam- ... ■ 


Calcareous 

^eocii 

Deep Qlay. 

Shallow .calcai'eonR 

Hornbeam ... 

— 

Spruce 



Reduction of diameter in thoyoafs— 

IM 1 1900 18dS. 


From To centege, To cont^D 
100 83 17 77 23 j 

100 91 9 73 2», .p 

'100 77 23 41 aSlS 

100 56 4,4 ; 30 - 70;4 


100 86 

100 77 


76 26 

41 

30 - 70;* 


Occasionally single stems, or groups of poles, may hi 
tilled by insolation; this is frequently the ease with beeQ|( 
Ittandards, which after growing in a dense wood are expose^ 
as mother-trees, in seeding-fellings. The yield of dead wopj 
in dry years is very considerable. 

k . in-seasons of drought plants cannot obtain sufficient nitrog^ 
Isompounds from the soil; E. Mer also proved’that'star,^? 
^production in the leaves is weakened. Plants by pr^atfip 
■ leaf-fall also suffer a considerable loss of combined nitrogen ag 
fpbosphorio acid, that prejudices the formation of friiit and 
tv Prpfessor Krausf analysed the leaves of lilac, Com'M,,vkf^ 
r:L., abd horse-chestnut^with the following results:— ' ,,;g 


mtrogen and 


35,;^.„j.i*mo, taivi-vgou mtu jFji^%/*^lW)riC .&?€ 

i^ulky in autumn leaves as in summer-dried leaves, pow^ 
^ing nearly^ equal in both, vfhile lime and other 
fatter is greater in the autumn leaves. , ; ^ 

-S.,Similar figures hold good for the leaves of other fore^ 
^eesj and it is therefore evident that nitrogenous" matter an^ 
* ihosphorio acid pass back in the autumn from the leaves 
tto the twigs, and that if the foliage should fall prematurelyj 
l^^ trees must lose a quantity of these valuable substances., 
^'Other secondary dangers paused by drought are a. |^ teii 
[^ability of trees to inseot-attaCks, and increas^ danpRrom 
iflorest fires. 

B. Damage under Special Conditions 

. relative susceptibility of trees when verj 

bung tb‘be injured by insolation is shown in the following 

feoUpB'!—• , , ' ' V ' ' ' 

i.'Vanv SusoBWiiiiB SfECiKS. • 

*1':.Beech, ash, sweet-chestnut, black alder; silver-fir, spruCe. 

ii. SrscEPTiBW Spboibs. 

^LHornbeam, sycamore, Norway maple, limes; white aider 

@&rch: Cembran pine, larch. 

> 

iii. lUiiDY Spkcibs. 

85 vi»|i>,a, films, field-maple, horse-chestnut, robinia, planes 
^yiu2 spp., wild (dierry, poplars, willows; Scots, AustriaB 
IpTeymouth and mountain pines, and juniper.* " 

EijI'iJhe droi^ht o( the year 1893, according to Mef, ctuBf 
the Vosges Mountains to produce only | fi 




and rain liaiw idoK acciif; 
once a plantation has closed in, so as 1 


^ w 

the soiL - ^ ^ 

the soil completely, the chief danger from drought^ 
hat occasionally spruce poles have been killed, 1}|| 

prolonged drpnght. ' ■ ;'| 

(c) Locality.—In plains.and hilly lands’, the danger fronl] 
drought i^ ^I'eater thai) in mountains where the most- 
extensive feests are found, as then damper air, moi$; 
frequent precipitations and mdister soil ■ prevail. Eegio^ 
over 1,500—1,800 feet altitude have little to fear from drongh| 
SmaAat hills and narrow ridges suffer most of all. 

As regards aspect, the southern and south-western sloped 
suffer most from drought, ^d the'northern slopes least ^ 
all. In very narrow valleys which have been cleared ;ii| 
trees, or are scantily wooded, the reflection of the heaJ 
side to side greatly increases its effects, and rows of hous^ 
have the same effect on street-avenues. :: I 

As regardssgoils, woods growing on calcareous soils, ahjl 
especially on stony superficial soils above calcareous roe^j 
/suffer most from heat j then those on stiff clays, whilst sandy 
;soils are more favourable as regards drou};bt, especially when 
the grains of sand are fine; woods on sandy loams and loams 
/Stand drought best of all. This is due to the following 
manses; poor shallow calcareous soil is not retentive q| 
Moisture, while the porous rock beneath it drains away wateif 
^pidly from the surface; marls and clays become hard whe| 
Ijxposed to heat and crack in all directions; coarse sand" 
r^ffer^^e than fine sands on account of the greater oaf^ 
parity of the latter, which attracts water from below; loahsSI 
a^il y abscrb iafri,;dew and- snow-water, and retain moisturi 
~-‘'“H,:)8md can; t{iej»fore, ;^ loss ^ 

i^water. 

•iWeeds, and especially a dense tall gtnw^ 
of dr'ought,’filling th$ '8dilwi|® 
■whiel 






;~^5poMtion on the surface of the'gtouiid shield ffietpi 
; I/trees from the sun. ' ■ ' ■ «* 

^ |>(6) Density o/'6Voj).—Woods in which the trees stand. 8^ 

! %Bt far apart from one another suffer more from drdfl|^ ,. 
’ weU-stocked . woods; Mated, olean-bo|ea,.standard| 

■ smooth*hark, &h as beech, hornbeam, birch, silvet-fi?^; 

■ l^cially at noon, reflect the rays of the sun ® the sofl,; 
i shown in Fig. 242, and thus dry up the soil fcnd themr 

■ H* ‘* young natural • regeneration 

may fail completely ^rpnwd 
such trees. ‘ v’ . 

(/) tFeat/(cr aid Sea$on of tM 
F«ar.—The drying-up of little 
plants owing to drought may 
be recognisable early in the 
summer. A dry May with t 
continuance of cutting easi 
winds soon l^sperses tin 
moisture in the soil that hai 
accumulated during winter, sun 
if there is insufficient rail 
in June, many.plants on area 
recently sown, or planteij ma; 
be killed. If the dry weathe 
should continue thxoughon 
July, more damage- wil) h 
done, and. it is geher& ^ 
, the middle of, July ^ 
-miacue rw,'Augws (he plants die, for &e 
^^Wmer - temperetteie .is attained at Abd-ut month 

... j'y 

s^idsummer-Iiayv; 



242.—Damage to yoong 
Ijr fefioeied teat. 

■'hiiddle-rei ■’ 


gffidsumm^r ../v. 

^^Mtetions and’SowinjgB 






,.-v- 

tfw average^ due year in five. To give a local esauiple, lili|| 
lifohthly rainfall and maximum temperature observed 
■1^, at pobpers Hill College, Surrey, are here given, . 


biinis. 

■ ' ,,lsSwriaa i» ■ 

■ ■ ' lllCOTS. 

Aybraoz Max. 
Tkmfkraiurk • ^ 
jax Dbqrkgs Faus. 

ItiUABKS. 


Aver¬ 

se 

1876-&2. 

Diffe- 

1893. ■ 

Aver- 

187&-92. 

Diffd- 

I'ences. 


i-sa 

rH8’ 

- ’69 




‘3in. of the Maieh raiid 

bruary... 

3or 

1-70 

-fl-37 

_ 

_ 

— 

fell oil the tinst 5 da^ 

.Tch ...... 

•38 

1-52 

-1-14 

55’4 

47-1 

+ 8-3 

the montl), alxiiit *5 iHr'l 

Til . 

•12 

1^77 

— 1*1)5 

(»3'0 

53-2 

^10-4 

ou the 12tli .Ittly, aud 2'g 

ty. 

■7t} 

1-02 

-I’ll! 

G(l-4 

39-8 

% (i-ti 

on the 10th October.-j' •; 

lie..;. 

•75 

2-2-2 

-1-47 

73-C 

66-3 

+ 7-3 

'I'he tcmpmtaia ..i 

ly.. 

2-14 

2-72 

— *58 

67-4 

OH-7 

- 1-3 

above S(l° J’. on .Uw, ^ 

iguat.. 

1'55 

2-3ei 

-1’03 

72-4 

OS’S* 

+ 3-0 

April, on 4 days in 

[itcmber... 

1 01 

2-2(i 

-1-25 

IW’I 

64 

4-1 

day*, ill ■'July, 8 day* 


6*10 


-43-49 

_ 



August, aud once in ^ 

irember.. 

VM 

2-64 

- -70 

_ 

— 

— 

teinber,tbemaxiinmn1i* 

jCeuibcr.. 

3-00 

;,2-01 

-f- -99 

— 

— 


on the 19th At^ 

■n 






» lOor 

17 years only. 


All farnxs on the shallow soil above the ehalk suffered greai^ 
from drought, and there was scarcely any hay, and com 
very short in stalk. As regards the effects on forest grDW|| 
there was an enormous crop of acorns and sweet-chestnuts. 
the ■ lime blossom fell without maturing fruit, and isola^ 
|eecb, elm and lime-trees lost most of their foliage in Aag^ 
The feyy fall of rain'in February and Me first few ilayfl 
March soaked the gfound so' thoroughly, ^^t a plantation; 
twenty adreS of three-year-pH Soots pine W^nsplants on {1| 
ftgMpi-skndsi in IVVipd^ Fprestj was a complete suficesBi.'i 
droufihfc; ■ 


h Protdilwe. Buk$. 

■4i 'BvrAw the F-m'iniatiim ef IfecSs.: 












wfemB ptots taken from the nursery with baM ol 
and their roots, stand drought less well than strong we^ 
t^d transplahts; mound-planting also gives bad reaultifcsM 
ijdry years:, and it may then be necessary to pl8“‘ ^ 

la under, shelter.;# birch or Scots pine nurses/ , , . , 

$, The soil should be deeply* trenchei, and sowing, cffii 
pting of yearlings. Should be carried out simultaneously; 
iih the growth of a crop of bats, or buckwheat, which will: 
lelter the young plants till the autumn; the deeply,trenched 
lil enables Scots pine seedlings to form deep roots, and soil 
hiph has been well worked parts with moisture less freely, 
id is more hygroscopic than a compact soil. In years of 
fought and on poor dry^oils, moss should be placed between 
ie lines of sowings; this costs about £1 an acre, 
iii In h(it countries, planting should be done at the very 
jmmencemehl of the monsoon, and sowing is often preferable, 
s many plants, such as teak, form very long tap-roots imme- 
l^y after germination. Planting may also be done by 
of* plants grown in small bamboo-baskets, which soop 
the roots to spread in the soil. 

* b. Ruku for Ntirserks. ■ ■ 

P Subdivide the area of the nursery by narrow evergreeh 
^ges, or provide temporary side shelter by mats; these 

fet^utions are especially necessary for sprues; , y.f'■'} 

^v ^ench the nprsery-beds deeply iirautumn, and 

» -femp^ 4 i :h^ed sods ; this not (mly keeps thd 'l^ 
frojn wpS^j^^dsb promotes the development of strof^ 

'"t ;li^'* 

'themii 




^.ipHfiWBlH'raeaOTinnn nr-oraer lo uaruou nuo pouim. ‘ITh® 
Emotes used to protect plants from the sun, Scots 
^ejmout^ pines are preferable, as brpadleaved branches soon; 
hftve their foliage shrivelled, and sj^uce needles fall off, while 
itl^er-fir foliage is too dense. ’ > ■ 

KeepfStfee beds free from weeds, as weeding prevents the 
JciU from caking, and renders it hygroscopic; for this purpose 
Jthe spaopB l^tween the plants should be hoed in hot summers*’ 
even if there are no weeds. Soft earth may be placed on eithe^ 
side of the rows of plants, when the beds are weeded, 
f vi. The plants may be watered, or irrigated; it is best to 
'water in the evening, and when watering has been commenced 
it must be repeated from time to time till rain falls, as ;'i| 
encourages the formation of superficial rootlets, which wmild 
soon die should the beds become too dry. On this accounf the 
beds should be watered only when absolutely necessary. Th| 
crust of earth on the surface of the beds, due to watering, muisl 
from time to time be broken up with the hoe. An accouUl 
'bf nursery-irrigation is given in Schlich’s Silviculture.* 

T;- ' e. liilles for Tending Woods. 

All epicormic branches must be prunel^ from standard 
flpserved in high forest, or over coppice, as they keep rain ai^ 
Jlew from the young plants, and render the standards s^j 
Iheaded. The standing-crop should be kept aStlense as possibj^ 
-^d the natural soil-covering preserved. Trees along t^ 
f^hdaries of a forest, or along roads, should be kept* de^ 
■^hd ihe outer row be allowed to branch down to the ,grp^| 
^^.ab^toi'exclnde dry hot winds from the forest. A serie^S 
■^risOntfd trenches may be dug along dry slopes, in or^;‘,| 
'%in ■&eT*in-water,’V 

fyisi , ; 

Thlit^iag-euttings nu poordry soils should be kept dar| 
ijiat the same^me, hfMr a good crop of seedltogshas sprahi 
),;th6 plaiBtBwhould be rapidly or gradually exposed aecordn^ 
their dem^ds light so that they, may ge|. the lull hen^ 




pumprpMnted up. *SMU nWroWjjWpS 

■^uld be established, running from north-west to 'lonth-i 


a far as this ean be done without danger from stoms, flotha^ 
he. young crops may get lateral shelter from the old wood^^ 
he eouth-west of them,-.; ■ a 


SeOTIOK li.— BiEK-SoOKCHING. 

1, External Appearance. 

|;irhe name hark-ecorcUng* denotes a well-known malady 
^s; which generally occurs on the western or south-western' 








ills off in pieo^.^^^' ^ injured sapwood turns brown, iW 
■>rown colour fadi^ gradually towards the still sound wood, 

•The exposed wood becomes rotten owing to the admission and 
germination of spores of various species of PoU/porus. 
strong and reputed insolation, the rot spreads in a wedge* 
shaped manner down into the heart of the tree in the directiO| 
^ijCthe med?|lary rays (Fig. 248). . « 

The destrucjaveness of the fungi is frequently hastened hj 
the fact that a' strong growth of grass and herbage dries uf 
the surface moisture of the soil. 

2. Explanation, 

' Bark-scorching is the result of powerful iusbktion. If t^ 
sun beats directly on a stem, its west and south-west sidei 
become considerably heated. The southern side of a tree ii 
less heated owing to the frequent easterly wiiMs, which bids 
during hot anticyclones when the sky is clear, and skim pas 
ihe southern side of trees, and reduce the temperature of thet 
hark and sapwood on that side, whilst the W.S.W. side of tb 
■tree is not affected by the east wind. TMs, explanation i 
confirmed by the fact, that when the southern side of a tre 
is scorched, it has been.found to be sheltered from easier^ 
?^nds by an adjoining dende wood. The greater' effecis of th 
,^hn’s rays on the W.S.W. side of a tree are also due to thefei 
‘■'ibat the maximum daily temperature is in theaftenloon, whe 
■^le sun has passed the meridian, and that the lower the ^ 
'kj the more direct are its rays in the radial direction 
^ein, and the more intense are their effects. ■ 
iv Yoahausen found that the maximum temperature oh' | 
^,S,W. side of a tree, between its bark and sapwood, '^ 
air-temperature was'91° F., %hile;'^ 
■;pavaria, on the* 18th August, 1892^ with an air-temperat^ 
■jctf 96’8° F.,(Sartig bbseryed. a- temperature hf- 
ii^tween the barb and sapwood Of some isolated 80-year-b 




teeeS'cannot 
tf|;[ft'':any better;'^ 



8. dm. 


{a) In generd.~Jhk malady reduces the teehnicaHalue 
le stems and frequently kills a tree. The forest-owner thof^ 
jffem a loss of , timber and increment, to which maybeaddei| 
anger of breakage and of insect-attacks, and exposure of| 
oung growth requiring shelter. il 

iff>) Specie*.—Bark-scorching affects chieiy tre® with tl^nj 
^ persistent smooth cortext, free from cracks. * '- j 

■'Species of trees that produce thick bark, and the bark of^ 
•hich is rough and fissurqd, do not suffer. Their dead coarse| 
ark is a bad conductor of heat, and never becomes heated tq.f 
he same extent as smooth bark.* The bast under coarse bark 
ffers a further protection to the cambium against insolation, , 
Beech .suffers most, then spruce -and Weymouth pine-1 
Jext come hornbeam, ash and sycamore; next, Norway maple. 


ime, hor8e-ch|Btnut, sweet-chestnut, cherry, rowan and apple* 
i«e, sometimes silver-fir. 

iOaks, elms, field-maple, birch, most species of Pyrus, Scots^ 
:ine, black pine and larch never suffer from bark-scorching, 
Part o/t/«,:2Vcc.—Bark-scorchiifg affects only the cleat: 
' lie of a tree,-'' and generally its lower part from the bas 
ipwards. The portion of the stem which is immediately: 
^ve file root-stock suffers most lyhere there is no underwood# 
jitiag to the.heat reflected from the ground, while the fa^: 

. sap is earliest in motion near the base of trees may- 
'^tt)n^te- '■{'tie teller the stem and the higher the erow^ 
ground, the more exposed is a tree .to scorehingf 
-few branches localise the injury to the part 
l^'i^kV-below them- .Stems covered with moss » 
jcdsiw-msoietion# and so .dp trees that are branohi^ 


u exmnple pf tiie bad effects-of pruning^kees exposed t(S 
I&tion mi^ be seen in the Mirwart Estate in the Bel^afl 
where a numb^ ofeaprace trees planted, to givd 



'^^' Afe o/ iVwi'-’-KietfMs mentioned atwve.are ex^s^ ^ 
mjuries by bark-scorching from the age of poles upwards, bu^| 
large trees suffer more than smaller ones; the latter, owing to| 
,ithe greater curvature of their stems, do not receive so mucfe 
direct heat as the former, and they radiate heat more free^ 
than large trees. In beech woods, where bark-scorching 
,frequent, 60- to 70- year-pld beech trees suffer most. '|i 

: ; '^e) Position of rrec*.—Bark-scorching attacks trees standing;? 
in the open only, and esiiecially those ,whieh have been-.' 
recently exposed, after standing in 4 dense wood; also treesiii 
along the westerly and south-westerly boundaries of a forest.| 
Trees farming a,dense leaf-canopy are never attacked, as, 
their t-fk cannot become heated like that of exposed trees.'| 
jExposed trees do not always suffer in the first year after;| 
i&posure; sometiines four years pass before bark-scorching| 
Recurs, but this depends on the state of .the weather. , 
f {/) Locdily.—fhe locality and its surroundings, and thdi 
.nature of the soil-covciing, may be ^ere considered. 
■westely and south-westerly aspects ate most exposed tb.;) 
jflinager, any woods forming protective zones in these direc-;^ 
;;.^one prevent or reduce the effects of insolation. IJndergrowtl^j 
^and soil-covering of dead leaves and humus are also useful, af^ 
i|he reflection of the sun’s heat from the ground is mu6}| 
Greater when the soil, and especially calcareous or sandy spi}| 
p f|lly qxposed. The malady is most frequent di|ring the hi^ 
&onths in beech forests! 


4. Protective llules. 

.(o) Avoid fellings by fhich beech- or spruce- woods 
ecome exposed to the west, south-west, or south. ' 

Do not leave beech-standards hear the threat«ihe|| 
pundaries of a wood. In ^ance it has been usual to lop tfcl 
Ide Wanehes of trees in woods bordering on roads, in ord|h 
j prevent injpry to the.roads fey drip and ^4de.y This ptp 

isposea b^^ .ajid>-bther smooth-barked trees td scorch^ 

aBd,fincday ad^noe.grm^ 





&i I' Wech or sprnoe foreit to branon «eeiy;apwp:y 
fe ground; thi^ may be secured by ma,king timely thinnin;^ 
yourig woods. . 

' :{e) Avoid high prunings in the ease oi beech standard-treb^ 
?,aTiy pruning of beech or sprace trees growing in hedgerowB| 
:;'(/) Protect the soil-covering of dead leaves, moss, etc., an^ 
Seserve the undergrowth along the borders of a forest. 

' (Sf) For the protection of specially valuable avenue tri 
!>beir bark may be_^ smeared with a mixture of whitewash, ®lo^^ 
and water, cow-dung and water, etc. / 

Trees that have been scorched should not be removed, a# 
they shelter trees behind them which yjould otherwise be^ 
attacked; it is better to form a protective belt of some shade^^ 
bearing species, and not to remove the injured trees till thi^ 
has attained a sufficient height. ■' 

Section III.—Hkat-cbxck. ; 

Beling states that cracks in trees have been caused 
insolation; this ha^ns in the spring (April and May)?whej| 
•i^ere are considerable differences betwm the day- and nipt^ 
ismperatures, and the ground being still cold, the centre of tl^ 
#ee does not expand.so much as the bark. Cracks are thiM 
iformed on trees standing on southe# or south-westerly slope^ 
.piiefly on beech'SCr to.7Q years id, but also on sycamo^ 
.pprnbeam, oak and ash. The splits extend up the stem 
iw* the level, rf.,,the ground to 20 and more feet in hl|gM 
§wing -i* and loosening of the haik,-local dbM 

ha into the wood, but small .cracks 

aji again wfthout any perman#i injury res^ltingi la 
il^lichvohservea ih-fee early part 'of 189C,teing''ae^ 
^j^ that the bark beeelustandards cr^ltb^ or'Sj^tlwlS 






d' by 'Ba|.i ;®e0B:,,wla| 





CHAPTEE III. 

PEOTECTIOH AGAINST WINDS, 

/•WiKDS may be classified in various ways, by their speed, as? 
winds and stol'ms; their origin—land- or sea- winds; tbeirl 
"direction according to the point of the compass from whicb| 
they blow; the damage they inflict on forests, by. drying 
the soil, impeding height-growth and the forraatipn of ^ 
'regularly-shaped crown in trees, or hy breaking and ovetiil 
throwing individual stems or whole woods, the last injui5| 
being caused only by storms. ’ , 

j; Wind, bjf blowing caterpillars from older trees on to yon^ 
•growth, may also increase the damage done by insects; tl^ 
lias been observed frequently in th,e case of attacks by the n|^ 
imoth. Winds also spread the spores of fungi. . 


Section L—-Pebvalbnt Winds. 

South-westerly winds are most prevalent in Central Europ 
■iespecially during autumn and early wint^. They blow j 
?Jht>ol winds during summer, and are comparatively warm'J 
Sinter, and bring much moisture and rain-clouds from 
'■imn. Dry winds from the north-east and east prevj 
.generally during the spring, the cutting north-east wind on ^ 
Itioasts of the*Adriatic bmng termed bora. The well-know 
gold north-east wind,, named mktral, blows down the Ehoi 
|yiey, in , Prance, and in SwitsCTland a toot dry wind fro 
“ithb south frequently prevails during thd snmmer months ai 
'ii;termed/dii«.‘ Mdr^indsfrom mountains down on to valle; 
'■%d plains blow genacaiiy S night, fot^ng tdr-cataraeU. 




^asferly and north-easterly winds dry'tip the soil and yow^l 
^^ts, and injure the foliage and fructification of trees. Strohg; 
^^ j^-westerly winds cause a misshapen growth of the crowijs 
tfes, especially near the sea-coast and on the south-westerljf 
S^ers of forests, where the trees are stunted in height and 
^^ire their crowns bent over towards the east (Fig. 241, p. 518); 
^ey a|so break off blossoms and tender shoots, whilst daiJ!^^ 
^inds near the sea-coast also injure trees by the kit they carry,, 
^|rhich the rain washes from their leaves into the soil, rendering, 
^t salt and unsuitable for certain kinds of vegetation. This 
^^fluence may l)e felt to a distance of five miles from the sea., 
^’v The results of these injurious influences areimpoverish¬ 
ment of the soil, a rank growth of weeds, failure of reproduc- 
languishing of young growth, loss of increment and; 
^iwking of old trees, spread of fungi, etc. 

B. Bamage under Special Conditions. 

Specie*,—Broadleaved trees suffer more than cpniferl' 
^l^tdrywinds. , * '.:Q 

^The tender young foliage and inflorescence of beech and hornt^ 
_:^8m>re frequently so dried up by the north-east wind thal 
appear to h^,e been frozen or scorched by summer heat| 
^Ihe elm, oak, limp and birch are less libhle to damage. ’:| 
Where the larch is exposed to south-westerly galea, especil 
^^y OB shallow soils, it becomes sabre-shaped, curving 
^Ards and upwards, from its base; this is due to the wM 
=4'0tii its seedling stage continually! blowing the^ree out of tp 
■leriacal direction,, which it strives to,regain by. contiau^ 
_.^ward grpth. Orchard trees are similarly ^eeted; whllj 
.iSplws and willows grow with their stems ' ' 

|^^e,.easi . 

regards .winds .,. , ,„ ^ 

,iforth mb 





, 'iMi^, ihe'clvi^r hit fdSfitiMe pin^j 

. ^^'of broadleayed spates, sycamore, Norway maple and white 
•opiar are very resistant. Oak suffers somewhat from saline 
pray, beech still more, and the spruce most of all. . ,,, i 
: (6) Age of Trm .—Seedlings and little plants, especially,a 
-dwings and plantations, and young coppice-shoots suffe* 
‘lost severely Ijrom cutting winds, until the ground is oo^i 
;l^ly covered by their interlacing branches. Coppice suffd 
core than high forest, especially when the rotation is flror 
.nd high forest suffers the less, the closer is th@ leaf-canop; 

(c) Locality .—The most exposed localities are coast forests, 
mltivated plains with hedgerow trees, ridges and tops of 
aountains and bills, valleys running east and west, easterly 
spects unprotected by higher hills, unsheltered plateaux, etct 
The amount of soil-desiccation by wind varies with tii;^ 
'sture of the soil and wind. The faster the wind blows, th| 
•,iore moisture is removed from the soil. The damper the 
oil, the more water it loses, but deep soils suffer much less 
ban shallow soils. Soil covered with low vegetation loses 
he most water,, that covered with dead leaves and humus 
^ast. Bare soil is intermediate. Dry winds, under other- 
.^jBe similar conditions, remove more water than moist winds, 
ad warm winds more than cold winds. Wind also reduces’ 
he.quantity of carbon dioxide in the air contained in the soil;, 
|id reduces the soil-temperature, the greater the velocity of 
3i^ vriri®; and the gfeater the angle at which it meets the 
4iace of the ground. Late spring and early summer are 
4e most dangerous seasons. 


a. Proteetm Ruks. 

chief rules consist'in t.he maintenance of a good leaf- 
^4.i>py. -espeeisdly, in loeahties exposed to prevailing winds, 
jpng Sea-Ooasts, therefore, and in high mountainous regions 
-ifoimic exposed ; natural regeneration, selection 
n-Bgs and the fortn^^’iif protective belts are advisable, 

preferable, after a consideration 
spend.rul^. should aM< 




action 01 the 'Wind precludes clear-eiKimg, festaMiBa haj 
putting-areas. 

j;. (b) Planting with balls of earth is advisable; if plantii 
- ' * being done durirqj a dry 

jfT vrind, the plants’ roots sh 

1 ■ not be exposed even for 

^ minutes, unless they 

I jtr.E. covered by damp moss. 

(c) Sowings should 

■ from north-east to south-i 

and soil should be heap® 
on the'south-east side of 
lines, as shown in Fig. ! 
t his secures the y^ung p! 
I against frost and Heat 

1 is also the best protei 

[I against dry winds from 

X east and south. It can, i 

Fig. 244. ever, be employed only or 

ground, for sowings on si 
.must always be horizontal, in order to prevent the soil 
•Speeds from being washed away by rain. 

(d) Mix conifers with broadleaved trees. 

1- {«) Belts of conifers 20 to 30 feet wide as in Fig. 245 sb 
intervene between broadleaved woods and cultivated land 
should beestablished along forest ' “ , 

roads. Corsican pine, spruce and 1^. " i?" p"TT ' T ' ^"T 
:fflver-fir are the best species for , ^ o f 

the purpose, but if the soil BSooj pj 

dry for jjiem, Scots or Black ® ° ^ , 

Ipines may be used. These pro- ' 

^tive belts are extremelyuse- ; », p a.® «» s o 

p sheltering woods from ,, ' : • sv ms 


del|d‘ leaves by the wind, 







uy tM ariJ) from overlian^g treeB, Thfs‘''i^ 
igreatly preferable to lopping the border trees along a road-' 
Bide, which, besides its unsightly appearance, admits the 
wind into the forest, and exposes the bark to sun-s«||ehihg,’ 
(/) All undergrowth which springs up klong easietly and. 
north-easterly forest boundaries affords a natural protection 
belt and should be carefully preserved. 

(g) Coppice should be ejit from the west, south-west oSel 
north-west towards the opposite bearings. In high *foreste 
this is only permissible on plains which are exposed to thi- 
east and for storm-firm trees such as the oak. 

Section II.— Storms. 

1. Origin of Storme. 

All winds are caused by differences in atmospheric pressure 
resulting from unequal temperatures of the air in different 
‘ ‘localities. Whenever the equilibrium of the atmosphere is', 
thus disturbed, a current of wind sets in to restore it; 

•V A storm is a wind with a velocity of at least 20 to 25 meters' 
ifin a second. Its approach is accompanied by a barometri^j 
minimum. A hurricane has at least a velocity of 35 meters? 
^iper second. 

< A line joining all places having the same atmospheric prefi? 
ire, as indicated by the height of the barometric column 
.i-nercury, after compensation for the elevation of the pla^ 
.iove sea-level and for temperature, is termed an isobar, vl 
If maps are drawn, as iii the I'imes' weather reports, shdw‘| 
]m'g the different isobars for every tenth of an inch, it will b® 
^ritieed that they surround tracts from which either the preS?| 
'ire decreases in all directions, termed barometric maxima i 
or, from which the pressure similarly wcreasesll^ 
%hich are' termed centres of depression, barometric minima i 

jsi&ie indliways blows tom the regions of high pressuh^ 
^Wids 1he depression^''to, ^ an anticyelonie regitw 
depress'ion; '.-it.does. not, 'l^wevOT,’ 



. ^j.gives It a twist to ttie right i^ tlie northerly Hemispheres 
■;he strength of the wind varies with the barometric gradietUM 
^ difference in atmospheric pressure at places distant one :| 
|iQg-rt|jp!al mile normal to the isobars. The closet, thererj 
Qfe, the” isobars are for any difference in the height of met-;^ 
|rial column, the greater is the gradient and the stronger the | 

If ' ■ ■■'^1 

;^he isobars become crowded together wherever the pressure?^ 
powest, and this fact, combined with the twist to the right.'| 
i'jhe winds rushing in from all directions to fill a depression, ’^ 
liases the.revolving storms also termed cyclones, the absolutej 
^es of which are more or Idle calm, ftias on the southern ll 
■|e of a depression, the wind blows from the S.W., on its'| 
■astern side from N.W., on its northern side from N.E., andil 
h its eastern side from 8.E. -'v 

The isobars are closest together on the western sides of ;;' 
spressions, so that the strongest storms come from a westerly , 
Ifeotion (S.W. to N.W.). The depressions usually pass to 
'•Snotth of Central Europe, and traverse the continent from .<• 


hst to east, so that storms usually begin blowing from S.E.’'| 
lid ^adually change to S., S.W., W., and N.W. Most oil 
It.ese storms travel across the British Isles, having originated 
■*;the Atlantic ocean or Gulf of Mexico, but the south-easterly | 
f rection oj the wind liefore a cyclone is not very noticeable here.|, 
hFowerful storms therefore depend on the existence oia 
irometrio depressions, which may be only partial or irregul^ 
pkruptions of an isobar, in which case the stoim extends 
ver a limited area, only. Violent storms of limited exteii® 
jit witbs teep gradients that do considerable damage ovet ^ 
^rrow Eone of country, are termed tmmdos, ji 

■phe direction of winds may be considerably modified ia| 
'.pntaiuous countries, by the spurs of the mountains as wel|| 
■|il|^ir6ction8 of the^vaiteys,. .■!13iU8,,a:west'amd mayb^^ 
i"|^ped.-intO' a-iiorth or sout^'^4' Vdurihg'lW-progte6a| 
valley.- 

;'HJi''f';'8tiff,mo^ 'freiiueHi 8ase;,w a^wsn?,we«',;'y^; 


xne rates 01 storms are given as follows by Rouse 


Storm, or tempest 

Yanis 
[ler second 

Miles 
per horn 

24 ' 

'*^60 

fjreat storm 

29 

60 

Hurricane. . . 

40 

80 

Destructive hurricane 

49 

100 


2. Damage done. 

A. General Account 

storms shake the roots of trees up and down in the ground 
i and may either give a tree a decided leaning in a particulfi 
direction, or tear it out of the ground by its roots and with: 
the earth adhering to them, or break its stem or branohes] 
Buch uprooted or broken trees are termed windfaUs, 

Whether tlie tree is blown down or broken depend! 
, partly on the intensity of the storm and partly on the' 
lelative power of resistance of its roots or stem. Breakage 
happens when the roots resist better than the stem, windfall 
when the roots are the weaker. Breakage may also be due- 
;io one tree falling on others. The amount of resistaned 
,^to storms which the roots or stem of a tree offers, equal cogi:i 
, ditions being presupposed, depends on the nature of thescnl 
ii(its,compacity and degree of moisture, eg., whether its re8isl| 
■^ce has been weakened by heavy rain before a storm), am| 
.|^at of the locality (plains, or hillsides, aspect, gradient, ete^ 
p'Independently of the above, the storm-firmness of our tre^ 
'^yaries according to speciei, length of hole, nature of cnmh^ 
^aundmees of the wood, deneity of crop, mode of formation, aty^ 
fending, as well as on other local circumstances. Each j|| 
these factors will he considered separately. 

roots of ^ trees, that are stretched by the wind atfe 
wnhed uj^^'d'dots, those on the lee side of the tree*^pfo^4 
opinion is that the anchor-roots ho^ 
^ .the 'tee against a ^^orni, at the anchor holds a shim| 
^ever, agr^’ .v^th Kdr4|%hr;-in "Attaching 

j this he s^^ 




«8ir prop-roots in solter sou.: 

Stoms not only overthrow 'single trees, but also whole woodsy, 
.. wooowy have narrow clearings cut into it by storms coirre-| 
-ponding to their direction, or large blanks may be made. 
i,. .preafcage may be of stem, fork,'crown, or branches; the stein.;i 
% be broken off close to the ground, or at somedistance abovSl^ 
I and whirlwinds frequeivUy twist the entire crown off trees. ^ 
lihe damage done by storms may be direct or indirect. 

/- To the former class belong -.—Loss of increment and,- 
•.reakage of timber, which may become only fit for firewoodj, 
lAmage to young growth owing to the breakage of underwood 
by trees standing over it which have been blown down ; 
increased cost pf exploitation or of reproduclion of woods;, 
reduced prices, owing to an excess of material being suddenly 
thrown on the market; irregularities in age-classes and in, 
carrying out working-plans, also disorder m thinnings and in 
Separatory fellings. The disturbance of a forest working- 
ian may be so great, that it may become necessary to 
Vecalculate the annual yield of a forest, and to prepare a new 

table of annual felling-areas. ' 

■V Indirect damage done by storms is chiefly confined to, 
Invasions of weeds in the blanks and regeneration-areas 
Inhere the trees have been blown down, and to attacks of barK, 

I*** , B. Damage under Special Conditions. 


( 0 ) Speem of 2Vc«.-Conifoys are far more exposed.*^ 
.•^mage than broadleaved species. Extensive destruction pi 
li^oadleaved woods by storms is comparatively rare. 

It would be difficult to draw up comparative table of tree* 
# different species according to their capacity to wUhsten| 
as the amount of damage done is jreatly modi^ 
OT -lScal evei'green foliage »d s^o| 

^ii^^stems render trees liable to"be broken or blown pv^ 
'teiSe two qualities are united in thq spruce, tbis:8^eies 
Scii^ylWle to daais^,^ Stortne, as experience ht^ proM 




”—I -■ • . 1 , ’•■'Mill", ' ‘ 

^fWlletf i^es such as silver-fir, or Scots pine, with 8troiig| 
|oi)t-Bystetij8, are hinfipred from developing them normally^i; 
hvfing to the nature of the suhsoH, they are exposed to dangerJ 
equally with the spruce, and even more so; for in such casee,;: 
they are compelled to have shallow root-systems which, unlike^ 
the spruce, they rarely develop evenly in all directions,:; 
Danger is also increased in the ease of the Scots pine by thfti 
higher centre of gravity it possesses than the spruce. , 

A list of species arranged in ascending order of storm-,' 
firmness can therefore be drawn up only ‘Ifter allowing for ' 
the effects of local circumstances on each species, and pre- j 
supposing a rational treatment in accordance with sylvicultn***^ 
requirements. 

From this point of view, conifers are arranged in the follow-^ 
ing order-Spruce, silver-fir, pines and larch. Ol the pines,! 
the mountain and Cembran pines are most storm-firm, therf^ 
the Corsican pine, the Black pine, and the cluster, 'Weymouth' 


and Scots pines. , 

As regards broadleaved species, those which are shaUow.-. 
rooted, such as aspen, birch, beech, and hornbeam, are leasi 
storm-firm. The beech is more frequently blown down than? 
any of these species, because it is most abundantly grown. Ihj 


’the wood's above Odrardmer, in the Vosges, the porportion 
beech increases under natural regeneration with the altitudj^: 
^ the mixed forest of silver-fir, spruce, and beech; and at tb| 
Jici’est of .the mountains, 4,000 feet, beech alone remains, th* 
l&nifers being unable to resist the prevailing westerly gale^| 
f$he following trees are toly storm-firmash, sycamore^ 
Norway maple, elm, alder,lime and walnut; the deep-rootsS 
Daks withstand storms beat of all. 

' (S) Age of Tree .—Storms cmefly daihage woods of advanc^ 
age, the second half or last thM of a rotation- being mot^ 


■’ iExtensi'ye damage is rare in woods under sixty years <4 
hge, afld Occurs only, under exceptional conditions, such ^ 
sfeallow-rddtednbss of young woods, soil without much e(^ 
stoncf pwmg-to teturaiibn by^^ in very expo^ 



■still in breakage. -v , „ ,1; 

‘ In the Btotin on the Baltic coast in 1872, m the Greifswal* 
'35-yeaT8-old Scots pines were affected. In 1876,1.7 to 2^! 
'years-old spruce and Scots pines were seriously damaged. Ib.^ 
■ pome pole-woods 25 to 30 per cent, of the stems were bent sm 
Wgle of 80 degrees towards the east and north-east. ^ 

SyitcM of Manaqment—Eigh forests are most exposed^ 
•!to4hger from stprihs. The shelterwood compartment systea^| 
'’leaving mother ^s evenly distributed over the felling-area,j 
/Is most endangered. In localities exposed to storms {mountain ^ 
i^es, etc.) this system is inapplicable, as the mother trees are; 
.^vitably blown down. 

Whether uneven-aged and irregular Selection forests suffer 
■We froW storms than the even-aged woods of the Clear-, 
'•'cutting' system, is still an open question, which can on|,y: 
;be answered after thoroughly considering the modifying, 
of localities, and the degree of skill with which thei; 
.§^phave been treated. Hesse believes that the Selection-; 
."^CGroup systems give more security against storms tbari‘ 
^^he Clear-cutting system, as the trees in the latter are moie 
Wwded and have weaker roots, but under the former systemp’ 
Vfie trees to be felled must be very carefully selected. < 

4:' Among the coppice systems, that of lopping side branches il 
i|ihe worst, as trees so treated have long narrow crowns, on whie^ 
'^Ihewind can exert leverage. Pollards suffer less, and.ordinaj| 
Wpice Coppice-with-stan^rds is also stor:^ 

tjirm, as only the standards can ,|uffer, and damage to t^eS 
?|S inconsiderable, owing to their wrong root development 
'life uniformity of their crowns,4ue to their growth in *6 

of. Stem-lmg, cylindrical stems wito ele4M 
t^nd expanded crowns, haying high centres of gravity,^ sm 
^S ording strong leverage to the yrind^ pre greatly exposed ^ 
’’^smage by storms. Thus standards in high feest abof 

■^bung growth are peculiarly liable to;, be throvm dr, brokM 
gj ^ckly .iiees; such,,as, forked 


t-iicpr 





Ppo^ii|^"'&e bee with the M'aftabhed to'its roots^ 
Most frequent in the case of spruce or beech. 

Breakage of crown or branches is most common in the case 
Of Soots pine, alder, ash and rotnia. The forked branches 
and crown of the two latter species are frequently broken b| 
storms. In the case of oaks it is chiefly the dry blanches Oi 
stag-headed crowns which are blown off by storms. In th( 
Vosges, a distinction is made between silver-fir trees with i 
U fork and those with a V fork,'the latter being more liable t^ 
breakage. Cankered silver-fir are very liable to breakage. .! 

{e) Locality.—M Germffny, forests on hills and lov 
mountain-chains are more affected by storms than th ose^ 
higher mountainous regions. During the ten years, 1870-*^ 
ill the Thiiringer-Wald and the Harz, damage by storms 
chiefly at altitudes of between 800 and 1,800 feet; but in 1876 
extended to 2,800 feet. This is because at higher altitude 
spruce trees are shorter in the stem than those growing lo^e 
down, are also grown less crowded with low crowns in Seleetio' 
;|brests, and have thus greater powers of resistance again| 
storms than the crowded lanky stems of lower altitudes. 

The ciMjtyuvatwi of the y^'ound has a mailked influence qi| 
the amount of damage done to forests by storms. ^ : 

Gentle westerly slopes bordering on extensive plains ^ 
plateaux suffer greatly, and so do outlying hills and mountra 
ridges; also, narrow valleys running from the west or sout|| 
west towards the east or north-east. The damqge is the| 
done on the north and south slopes of these valleys, whli^ 
the wind attacks in flank. Every bend in the valley redue^ 
the violence of the wind, ^o endangered loaalities also belon® 
hills at the end of narrow valleys or outliers that project in| 
them and steep slopes directly in the way of the storm. 

• A storm that descends a hillside is much 'more dangeroijl 
than due blowing up-hill. Whenever south-westerly win| 
prevail, a storm, after crossing a mountain ridge, mni| 
descend its north-easterly slope. If the west or south-w^ 
slopes of the hill are denuded of irees, or if' the wind ha8,i| 
|nd its’,^^#ro8s the ridge through narrow telling-a^ 
bdtw^hi|gh^dq^^^^^ l^:funMD^a^ ravines the dmn^ 



■Woves, and this increases the-violence of the stotm, | 

It is found that stomis.dp more damage down-hill than* 
up-hill, and for the followinf reasons 
‘ i. The root-system of individual trees is usually weaker 
aown-hill than up-hill. Not only the anchor-roots, but alsoj 
?he prop-roots are more oblique in the soil to the wind- 
V ^ direction on the easterly ■; 



aspects, i.e., away from the-;' 
wind. The descending storm : 
therefore* finds only a feeble ‘ 
resistance in the roots; the 
wind blowing up-hill has to 
overcome not only the resis- 
tance of the anchor-roots, but 
also those of the prop-roots. 

ii. -An ascending wind has 
to contend with the friction^ 
of the tr^e-crowns, as we8j 
as of the soil, which reduces 
its force. Moreover, the’ 
prop-roots of the trees on 
the western slopes, exposed ' 
to the wind-direction, are, 
more vertically inclined to'; 
the latter, and therefore; 


^er a stronger resistance, than on the easterly slopes. | 
:X iii. The centre of gravity of a tree has to be raised leas'; 
5?hen blown overti'om above thap from below, as the annexed' 
digram shows:— . | 

fiStere 8 is the ceptre of gravity of the tree, and two^ 
and if ttie tree is to be thrown up-hill by the wind,^ 
jw raised through a b; if down-hill, through' c d, which> 
^Msihana b. The greater the gradient of l.he slope, thiS| 
"^rg^dangered is'the tree.'J 
'jcil-l^rcises' an Bnmistajke^mft'ieh^ 




sandy soils S soils abovfe a subsoil of stiff clay, into wlu^i 
tie trees’ roots do not penetrate, are also very subject to wind* ' 
fall. It has been observed that windfall in the Schwarzwald is'; 
more frequent on t^ red sandstone formation than on gneis^f: 
gfanite, basalt or porphyry. In woods that have been planted?’ 
on the sif^s of old fields, windfall is frequent, owing to the| 
looseness and comparative poverty of. the soil in mineral'-; 
matter.' Soils in which root-rot frequently occurs, such asj 
palcareous soil, or land with a wet subsoil, are liable to windfall j 
; A high soil-covering, such as heather, broom, thorny or,;, 
shrubby undergrowth, is beneficial, as these plants bind,; 
together the particles of soil, and also exercise considerable'! 
friction on the air in motion. : | 

The state of the, weatlur before and at the commencemenft 
of the storm also exercises considerable influence on the? 
damage done, ' , . 

Heavy rainfall accompanying a storm greatly diminishes, 
the coherence of the soil, and increases the danger of up-,' 
rooting, its effects "vary of course with the nature of the soM 
This was the case on the occasion of the terrible storms 
1872 and 1874. Frost, on the contrary, greatly increases tW^ 
coherence of the soil, especially when the ground is coveredf^ 
with snow. 

(/) Density of Crop.—Trees grown in the open, owing tq 
their well-developed root-systems, and low pyramidal crown% 
withstand storms much better than stems which have beeii 
drawn up' in dense woods. 'J’rees recently exposed in thin* 
!^nings and regeneration fellings suffer most. The. latter 
improve in their powers of resistance, as they get accus¬ 
tomed to their open position. Their root-systems becotni 
.enlarged; in crowded woods, however, the stems afford onl 
another mutual protection against the wind. 

Damage is considerably greater in isolated woodlands than 
'in extensive forests, as the various crops in the latter affor| 
l;^e another .mutual support. ' 

.■;j' {g\ Seajram-*r^ms may occur at any seasop of the year, I^ 
pe most.'p^Ktive s|qrmS are during the six months betweim 

Storms in spring are.in^ 
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ind rime have been recorded in all the Eoyal Forest distrit 
ind the resolts published by the directors of the For 
sxiwimental stations. Thi's praiseworthy undertaking shot 
be followed by all State Forest Administrations. . , 


f. : , 8, Register of Stoms. 

I? During the past century, the following are the dates of t 
most widespread and disastrous storms 

1800 {3rd and 9tli November, especially in the Harz). 

1801 (29th and 30th January).' 

1833 (17th and 18th December). 

5 1834 (4th January). 

1836 (29th November and 24th—26th December, fr 
"the E.). 

' 1839 (30th—§lst October, especially in the Harz, fr 
the B.). 


: 1842 (Srd May). 

t;. 1853 (14th and 15th December, from S.E.). 
I 4 I 866 (16th November). 

1867 { 8 th April). 

1868 (7th, 11th, and 29th December). 


1869 (17th Decembeti). 


fe ■ 

I*)! 1870 {26th and 27th October). 

I’ 1872 (12th and 13th November, especially near the Ba 
■■'•from the N-E.) 


% 


1875 (8th and 13th November). 


I' 1876 (12th and 18th March). In tliid storm, about th 
Ifaillion cubic feet of timber were blown down in the S 
|ind Communal forests of Hesse, or 84 cubic feet per s 
l^ing 125 per cent, of the total annual yield of the fori 
®he same stbrm cleared 24 cubic feet per acre in the Ss 
ijprests, or 40 per cent, of their fixed annual yield. Du 
i|e same year, 360,000 cubic feet of broadleav^ trees; 
iiloft’n down ill the Forest (^ Compiegne. ) , ; 



;^8gO <2M Otfober). ^ 
v. 1881 (14th and 15th October). 

1883 (17th—19th October). ■ 

;! 1884 (20th and 28th January). 

.• 4885 (15th October), 
f 1888 (24th—26th November). 

189^'(28|d, 24th and 27th January). 

;^1892 (29th—30tb March, in the Vosges; from E.). 

' -1898 (16th and 17th November). Terrific storms over the 
■lorth of England and Scotland accompanied by violent 
rain, the wind blowing at 90 miles an hour in the Orkneys; 
1,850,000 *ees, valued at =0282,268, were blown down in 
Perthshire and Forfarshire, the only conifers resisting the gale 
■iieing Corsican and maritime pines. 

1894 (12th February and 22nd December). The December 

storm was similar to that of 1893, and only did less damage 
to the Highland'woods because there were fewer trees left 
to be blown down. Great'numbers of rooks, starlings, and 
other birds were entangled in the branches of trees and killed, 
or blown into the sea. * 

j, 1895 (5th—7th and 12th—13th December; chiefly in S. 
Germany, but also in Schleswig-Holstein and the Harz). 

1895 (5th—7th October, from N.E.). 

I' 1898 (4th—7th December). • 

f 1899 (12th—13th January). 

I', 1900 (14th February; 28,000 trees, including 15,000 oaks, 
^lown down in the Forest of Beroe, Sarthe). , 
f, 1902 (18th February; 292,500 cubic feet of timber, chiefly 
Spruce, blown down in Forest of G5rardmer, Vosges; iron: 

'N.E.). •'• • 

Taking a general view of the storms in Central Europe 
l^iiig the past century, the years 1801, 1883, 1868,1870, 
jj898, and 1894, have been the worst, and there has been, 6| 
|he average, one destructive storm-year every three years. I 
Whirlwinds are of rare occurrence in Cental Europe, aw 
4re usually only of limited extent and short duration. 

^ Ist A.Ui^jtij;l877, a whirlwind fiftyl wleia to to norti^ .1 

■(^li4..^ destroM ^ 



I ^iSver and Charleston are snbjeet to terriBc hurricanes, ana 
f^lngust, 1898, scarcely a tree was left standing in the islan 
ihere, nearly .2,000 people were killed, and 111,000,000 wor 
|(){, property destroyed, the wind having Mown at the rate 
0,25: miles per hour.* 

4. Protective Rules 
a. Ditring tite Formation of Woods. 

1^' i. Favour the cultivation of hroadleared specks wherev 
pthis is possible. The damage done by storms during tbe la 
i ten years is a warning to foresters who are so readj to conve 
I; broad leaved into coniferous forests; this should be done on 

i n cases of extreme urgency. 

ii. Drain damp localities before making regeneratio 
ellings. 

iii. Use strong transplants 4 to 6 feet apifrt, so as to ensu 
he growth of sturdy, trees. Planting spruce gives bett 
esi^s than sowing it. 

t/iv. Mix deep-rooted species with shallow-rooted .ones; f 
.^nstance, mix oak, ash, sycamore, larch, or Scots pine wi 

E h and silver-lir, and silver-fir, beech and larch with sprm 
m Wiehl (Olmiitz) placed rows of storm-firm trees 
ce woods every 150 metres, five or sis rows of oa 
,ij) jwmore, Scots, Weymouth, and Cembran pines, according 
(•the ioil and locality, transversely to the storm-direction, 
l^at land from N. to S., elsewhere parallel to the sides, 
g/y. Maintain proteetit-e belts along the boundaries of a forei 
where prevailing winds are to b?%ared, especially along fan 
“' tid neighbouring wobtlands. - Boundary ditches should n 
ig adong these tfeundaries, as they cut through the roc 
M the nearest trees. 


'Early, frequent and moderate thinningt should be mac 
ensure normal, root-systems, sturdy stems, and reg 
|^‘’'8ha^" browns, iDdring the thinnings, as far as^ 
li.gmiiuXiU kiterfeMs mtk the p-oper densi^ of the crt 



or are lorked, diseased or affected •with fungi.' 

J the proper tensity of the crop would be impaired by wholesale', 
dremoval of bad trees, l)egin with the worst and remove the 
■others in future thinnings. It is better in thinning spruce-^ 
woods not to dig up stumps, as in so doing the roots of ' 
neighbouring trees may be cut through. Heavy thinnings ip 
lanky and hitherto densely growing woods are. dangerous. ■ ,;| 
■ ii. Trees along the borders of a forest should be allowed 
branch low down the stem. 

iii. Endangered border trees standing over young growth: 
may be temporarily preserved by thinning out their crowns,;; 
and cutting those branches which extend at right angles's 


to the direction of the prevailing wind. This has been 
successfully earned out with spruce at Slammheim, ii| 
Wiirttemberg. ’ f 


iv. Carefully avoid all causes leadifeg to defects in treeS:p 
thus, resin-lapping should be stopped in spruce forests,' 
deer which peel trees should be shot, and careful forest; 


protection secured. 


f. Durin/j J'Vlini/s. 

i. Avoid very long rotations, as the area of a forest exposed' 
to danger from storms increases in proportion to the length,: 
of the rotation. Thus, considering that danger from storKi;j 
'commences when the trees are fifty years old, we have,:—. * 

iVith 120 years’ rotation ^ths of the area endangered. 

„ 90 „ „ fths 

fid tt ^ „ 

. ii. All greatly exposed places in mountainous regions should 
ihe regenerated by the Selection system, and the slopes sboulff 
jtiot be touched till the summit has been regenerated. , Ji 
f iii. Eegeneration in narrow strips commencing in the diree/ 
i iaon opposed to the prevailing wind, should be substituted lot^ 
/regenerafion extending at once over a whole compartment' 
especially in spruce forest. 

In the Black Forest, where silver-fir predominates, tiS 
Igmp system of fdlingA patehai, pves excellent results, 



ppoted tti the jireeaUing winds, that is, generally, ffem east C 
orth-east to west or south-west, so as to secure a constantl 



raduated succession of young woods on the windy side of th 
Ider woods. Nothing can ward off storms better than such 


trees as is shown in Pig. 247. 


fiiLB such a succession of felling-areas may encourage insec 


itacks and would not be practicable over the whole area of 
frest, it is usual to arrange the age-classes in a number c 


utting-series, running more or less parallel to one anothe 


irough the forest from east or north-east to west and south 
Age-classes are, however, seldom so arranged that a 
‘jtl^woocl will not occasionally be found directly opposed to th 
see'of the wind, after it has been exposed by felling anothe 
iature WQ^ to the west of it, and in such cases, a severmct 
Umg is reguite|.' 

This is a narrow clearing made through a wood, t 


iiengthen the border trees on its weather side, so that b; 
ta extension of their crowns and root-systems, they ma; 
fOtectthe dense wood beyond them from storms. Severance 
Jlings should be forty to fifty feet broad, and as nearly a 
lesible at jright-angles to. the direction of the prevaiUni 
; 'they in8de‘.b«dbre the trees are too old t 

^nd <9 the increased eipojstve to’ Ughi Spruce jwoods, u 

a to , ^ 



panted uf, and thus itself form a protective zone when the 
woods beyond it have been felled. 

The young wood must be 10—20 years old, before the felling 
of the old wood in front of it begins. Severance-fellings 
should not be risked in woods more than 50 years old. ■ 

Severance-fellings favour the system of small felling-areas, 
which hav^any great advantages. We must not, however, 
go too far in this matter. There is certainly a loss of yield 
in making a severance-felling, as part of an immature crop 
is sacrificed. The financial aspect of the question must 
therefore be considered, and whether the danger from storms 
jnstilios the sacrifice. 

^ Severance-fellings are very extensively used in the 
Thiiringian forest, and in the Saxon State forests. 



Pig. 248. 


^I'Wben felling actually commences in a crop protected by W 
^verance felling, a protective belt should be left'lalong itec' 
border, consisting of a double or treble row of trees,‘- 
'|he crowns of which have been thinned by lopping away some 
foif their branches, as ilown in Pig. 248. 

;| :V. Felling-areas should have long straight boundaries, as 
Sellings iij^utlying corners of a forest may easily admit 
jftorms. 

J’':,'7i. A system of rides with storm-firm borders should be 
;Md out, whidi affords protection against storms. 

|VThe principal rides should be parallel to the storm-direction,'- 
^ the secondary rides at righhangles to it, so as to feoe the- 
^rms. 










wm. 


in high forest follow one another from east or 
north-east to west or south-west, according as a compartment 
is cleared in several years, or in one year. 

Figs. 249 and 250 show the arrangement of the age-classes 
in a forest at Sternberg, in Thuringia. If it is wished to fell 
the 70-year-old wood without endangering that 50 years old, 
which it at present shelters from the west wind, it becomes 
necessary*5b 'sej^irate the two woods by a severance-felling. 
This, as the diagrams show, has been already done six years 
ago, when the strip was planted with 4-years-old spruce trans¬ 
plants, which now form a 10-year-old protection belt to the 
50-year-old trees. The westerly border-trees of the latter, 
have now become so wind-firm that the severance-felling (5) 
might be widened. Another severance-felling (a) has also 
been made between the 30 and 50-years-old woods, because 
the latter is to the west of the former and will first be mature. 
The proposed widening of (a) is marked in Fig. 249 by a line, 
and in Fig. 250 by shading, but it cannot be carried out until 
the younger wood has become more wind-firm. 

There is no apparent necessity for the severance-felling («), 
as the woods on both sides of it are of the same age, but it 
has been out, in order that the large 50-years-old wood may 
be divided into two cutting series, both beginning from the east 
:'in order to avoid the necessity of having too large felling-areas, 
fr Indispensable severance-fellings, such as a and h, are 
^^rmed pvotcctivc, whilst those like c, made lor administrativis 

i^sons, are termed s&ica/taraf. 

Fig. 251 represents a normal arrangement of jtpfelasses iil 
li^orest,* the periodic blocks being variously shaded, and th? 
Compartments drawn square instead of oblong, so as to take 
^p less room. The white .compartments are the youngest, 
itorming the woods of the fifth period, and the darkest compart* 
.^nts arOdihose of the first period, where fellings will be at 
C&ce commenced. The interhiediate shades represent the 
S^nd, third, and fourth periodic blocks. 

^ ^ period ii aa ktegtal part o£ a rotation, and a periodic block is the area <4 

.h»eet which Will be telled daring any peijod, Thns a rotation of IM yeait 
iljay be divided into 5 periods ot 20 years each, and a working-section of a 
Korest into five periodic blocks, the trees in wldcli ate aged respectively 0—2(^ 
;^^ 0 , 60 , SMOj ye^, 




Denzinlas, however, propoeed that this arrangement of r 
rallel jind perpendicnlar to iJie storm-direction, which is 








^ORp. j49 

is degrees (a h c) to these directions, as shown in Fig. 252. 
This he considers to afford better protection to woods of second 
period against south-west, west-soutlf-west, and south-south- 
west winds. Borggreve is also in favour of this system of rides. 

The objection to this arrangement is that, although, after 
the dark areas have been felled, the woods of the second period 
are bette»-§»'ntected against west and south-west winds, yet 
they are compleKly exposed to the cutting north-east with the 
accompanying danger from rime. 

1» b 


Fig. 2')'.). 

a Heaps <jf stones, h l^runeil ami topped spruce trees. 

: It is also not prudent to adopt s^ch a system universally, as 
^torms are not always in the same direq^ion. 

- Hess thinks that further experience is necessary before 
deciding between these two arrangements, and also as regards 
tihe shape of compartments, whether square,* req|angular, 
^parallelograms, or trapeziums, as this may also affect the 
-amount of damage, done by storms, 
vii. It is useless leaving standards of shallow-rooted species, 
ch as spruce, in exposed places. 

:: viii. Stumps should not be dug up in preparatory and seeding 
tellings, where stonns^are to be feared. After storms have 
damaged valuable middle-aged woods, further damage may be 

The questit® of the diMofioh et feUinge ih ^ountainotu districts, end Of 
^ proper shape et co^nrtia®it8,.fs,discnssed,jhtdetidl jb; Rarl Hejer,io “ 0^. 




irevented by thinning out the crowns of trees left standing o 
he exposed sides of woods, and lading their roots with ston( 
f they are easily procuSlble (Fig. 253). 

5. TreatmU of Windfalls and Wood-breakage, 

On account of danger from bark-beetles, which folio 
xtensive breakage in a wood, prompt measures Tn”"t be take 
,fter damage has been done,by a storm. 

,(a) As'soon as possible, using all available labour, an 
mechanical means (transportable steam-saws, etc.), conve 
the broken material and remove it from the wood, afti 
stripping the bark from all stems and broken pieces, at an 
rate of conifers. Trees that are still standing obliquely, ( 
Testing against other trees, can be left till the following seaso: 
^ (5) All wood unfit for timber should be split atid the stacl 
■of fuel should be set up in well-abrated places. All rabbis 
.may be made into charcoal or even burned, if necessary. 
rV. ;,(c) Stems that cannot at once be sold, should be barke 
^^prevent insect-attacks. 'Whether they should be oompletel; 

partially barked in strips depends on circumstances, chief 
nu the species of tree. Complete bsirking is the best protectic 
•Against insects, but it favours cracks and fungoidal attack 
!:For Scots pine, strip-barking in 1894 gave excellent result 
■‘Jor spruce it is best to bark completely, except that narro 
rings of bark may be left at the ends and in the middle > 
;^li log. ^ 

'''■ (d) Stumps and rcite of coniferous trees should be gnibk 
but and split up, even if a pecuniary loss is involved. 1 
broadleased woods, on the contrary, uprooted stumps shou 
be repldM in the ground, or at any rate, the earth knoek( 
from the roots and the holes filled up. ^dinary cart-jacl 
inay be used to replace the stumps; they cost about 45s. eaci 
find two jacks are required for each stump. In a beech-woo 
fifty-one men at two shillings a day replaced 422 stumps; 
to way at a cost of fouxpenee a stuaift 
I' (e) Wherever labour is insufficient to deal with all the falli 
|bjBd broken wood, the Ijw uprofW with haUa of earth m 
lbe>ft for ayet^ty 



heir root® and may even put out foliage for two years in 
uccession, and have even borne mast. Conifers only may be 
ttacked by beetles and the wood bteome unsound when left 
n this way. 

When the stumps are sawn off, the wood above the saw-cul 
hould be firmly encfrcled with a chain, in order to prevent 
iplitting^of the log. 

(/) Favoiiiable^nditions of sale should be offered so tha' 
ill broken wood mayTie sold as soon as possible. All intendec 
ellings should be postponed until the volume of the broker 
ivood has been calculated, and deducted from the annual yield 
[f there is more wood broken than the fixed annual yield, al 
principal fellings should be postponed for a year or more. 

Some idea of the large quantity of wood which is blow) 
iown may be gained from the fact that in the spruce am 
jjlver-fir State forests.in Wurtlemberg, about one-third of th 
fixed annual yield comes from windfalls and breakage. 

6. Treatment of Woods udiich have lecn Damaged by 
Storms. 

When we consider the great variety of local circumstance 
which influence the degree of damage done by storms, it i 
impossible to draw up special rules for the treatment of injure 
woods which will meet all cases that may occur. 

A few general rules will, however, be given which ai 
applicable to the commoner cases for trees and poles, n 
damage being done by storms to thickets of saplings or i 
coppice-shoots. Farther information on this subject shoul 
be obtained from books on silvieultufo. 

A. Injured Trees. 

All mature or nearly mature woods that have been bad 
invaded by storms should be felled eadjer than was otherwi 
intended; this is especially true for woods which have thi 
become full of blanks. If, however, the storm has causi 
-only a lew blanks, the date fioced for fellings need not i 
anticipated. / 

Small blanks dmg to fw fall of single tos, or small groi^ 



:'of the surrounding trees will close them again. Larg 
^jblanks, however, should be at once planted, before th( 
S.become covered with weeds, unless natural regeneration ca 
be secured. In planting blanks, about 20 to 25 feet shou 
be left unplanted round them, as plants within this 'stri 
would suffer from the shade of the surrounding treg^. 

In filling blanks in injured sprucg.nnd .nver-fir wood 
i beech, hornbeam, sycamore, or silver-fir are preferable; bi 
i if the forest contains red deer, silver-fir plants will requii 
fencing with hurdles. Woods of Soots pine and larch, whe 
^ damaged by storms, may be filled up with spruce, Weymoul 
*, or Corsican pines. Beech woods that have been invadei 
: where the soil is deep, should be planted with oak, and o 
; good but stony soil, with sycamore; in wet places, with asl 
’ or alder. When the next felling takes place, these groups n 
j' jonng trees will be carried on for another rotation, but will I 
“^thinned and pruned where they endanger the future youn 
jbeech. They will eventually yield Ime timber trees. 


B. Injured Poles. 


, It is very difficult to decide on the proper treatment of poh 
jtroods when broken into Ky storms. Premature fellings woul 
:;be undertaken only when the damage done is on a large scab 
’■or when these woods interrupt the normal cutting-seriei 
or when they would not expose neighbouring woods f 
ithe west. 


i;, In most oases the felling of broken poles will be considere 
:|n connecjion with the volume of broken timber from olde 
j^mpartments. 

C In general, the treatment of damaged pole-woods will var 


Eftecording to species, 
i; Small blanks ooctldl 


ality, area of blanks, etc. 
left unplanted for the same reason a 
at given for older woods. Larger blanks could be plante 
ith tall transplants of beech, hornbeam, or sycamore. Lim- 
hd white alder are also suitable species.' Larch and Wey 
nth pinefnwing to their rapid ^o#lh would soon fillup th 



^Ij’mouJh pine (toes badly in mountainous districts, figre 
also 12 to 18 feet mterval should be left betvyeen the plantation 
and the still standing poles. 



Woods intended for natural regeneration may be trainei 
pdp b|, means of heavy, thinnings to produce seed earliie 
Ithan-uiial. 





(IHAPTEll IV: 


PEOTECTION AGAINST HEAVY BAIN. 

1. Damuje, done. 

A. General Account. 

Heavy and prolonged rainfall and occabionally water-spouts 
damage forests by carrying away the dead leaves, the soil, and” 
seeds; by uprooting young plants, the roots of which are not 
sufficiently developed, such as seedlings and nursery trans¬ 
plants recently put out; by causing local swamps, destroying 
roads and ditches, loosening the roots of trees, preventing 
fruit -from ripening, and breaking it off. 

The results are impoverishment of the soil, failure of 
' sowings, blanks in plantations, inundations, liability to wind¬ 
fall, loss of seed, etc. 

B. Damage under Special Conditions. 

The conditions on which the extent of the damage de¬ 
pends, independently of the force and volume of the rain- 
I fall, are chiefly the age of the crop, and the mturc of the, 
’^(locality. \ j 

Only young plants the roots of which ar&. insufficiently! 
^developed run the risk of being uprooted. These are chiefly 
^oung germinating seedlings, and transplants just lined out 
^nurseries, or planted in a felling-area. 

As regards the locol-ity, steep slopes with loose light: soi^ 
^^Moh are. pother covered with woody growth, nor wim 
or dead leaves,to.,|‘ 


windfall. Clay soils are also injuriously 5| 
affected by heavy rains, as a crust forms on their surface 
excluding air from the roots of plants. 


2. Pntcctirc Hutcs. 


(a) Maintain the forest growth and natural soil-covering of 
herbage, moss, .i ' ’ .’-lad leaves on all steep slopes exposed to 
denudation. 

In high forest, it is best to have natural regeneration 
under a shelterwood, but on slopes, coppice is less lieavy, 
than high forest, and protects the soil as well. In plant¬ 
ing up such localities, the slopes may be terraced with 
advantage, and planting, which is preferable to sowing, 
should bo in horizontal lines commencing at the top of the 
slope. For dry calcareous slopes the Austrian pine is most 
suitable. 

{h) Establish a system of horizontal leafcalching trenches, 
or proUdire trenches on dry slopes. 

These trenches differ from one another by their dimensions. 


The prniedire trenches are fi’om 10 to 12 inches deep and 
25 to 33 feet apart; they should be in lengths of 12 to 30 feet, 
to prevent the formation of drains. These trenches retain 
the excess water after heavy rain, and part with it gradu¬ 
ally to the soil, the permanent moisture of which is increased. 
Leaves are washed and blown into them and the soil is 
thus enriched with humus and rendered more porous and 
deeper. In oak and beech forests, they catch the acorns 
and beech-nuts which are rolling downhill, and thus natural 
regeneration may be secured. Even the spoil-heaps fromp; 
the trenches afford suitable sites for the germination (fft 


If, however, the trenches are intended merely as leaf-catcherii^ 
•-they are shallower and closer to one another than the protec-g 
' tWe trenches. Excellent results have been obtained in th;J 
;^es8ian district, Lindenf els, by the use of leaf-catching trenches| 
iThejtCOst about M. to Is. per running meter. 




.removal of litter, etc. 

’/ {i) In order to protect forest roads from the effects of ' 
'■violent rainfall, ditches and culverts should he constantly, 
.kept free from weeds, silt and dead leaves. Where the roadf 



brough a sandy cutting, the banks on either side j 
terraced and fixed by wattle-work fencing, stakes r 'I 
illows being used, and sand-fixing species planted I; 
the fences. 


i.—Hailstones (natural size) that lell at Seatord on May SOtli, 1897. 
Trom a photo hy Wjnkr, Seaford. 
















CHAPTER V. 

PEOTECTION A&AINST HAIL.* 

-vl. Damage done. 

A. General Account. 

Hail completely beats down yonng plants, and injures sap¬ 
lings, poles and yonng trees by breaking off leaves, blossom, 
fruits, young twigs, and leading shoots, and by stripping off 
flakes of bark, either in little patches or short strips, and thus 
exposing the cambium-zone. The marks of the wounds made 
by hail in the bark of trees are often noticeable for a long 
time, the amount of damage done depending on the size of the 
hailstones. 

Birds, and game such as hares and roes, may be killed by 
large hailstones. The greater the size of the latter the greater 
the damage done. 

The direct consequences of damage by hail are: loss of incre¬ 
ment, disease, deformed growth, decreased production of seed, 
and even death of young plants and poles. . 

The indirect damage consists in insect attack and the admis¬ 
sion through the wounds made by hail of spores of species of 
Jfcetm and other fungi. 

B. Damage under Special Conditions. 

Conifers suffer most from hail, especially the Soots, Austrian 
and Weymouth pines, the spruce and silver-fir somewhat less; 
theiarch soon recovers from injuries to its shoots or bark. 

Among broadleaved species, those with less power oi 
occluding wounds, and with thin bark, such as the beech, 
suffer most, but the oak, robinia and other trees when younf 

• Einiker, Hass: “Die HageseWage in Kanton Aaigau.” Berlin, 18§1 

MittWlnngen des VemiBChen Statistiachen Bnreanx. Bern, 1886, 1888 

Die S^iblage 1878., 



vnd leathery hark does not suffer much from hail. ' 

Young plants 1 to 15 years old are most endangered, yeat'^^ 
ings being often'destroyed by a'%ailstorm; and sowings,.-;^ 
jspecially when on a large scale, suffer more than plantations. | 
Poles 16 to 30 years old suffer less than younger plants, while'll 
MrioM damage is rarely done to trees over 30 years old. The ^ 
later in the spring the hail occurs, the greatej^jis’th* damage,': 
sspecially to smooth-barked, weakly pl3^^ 

Oak-coppice for bark and osier-beds may suffer severely ; 
from hail. The damaged oak shoots are difficult to peel, and ^ 
ihe osier wands break at the injured points. Even coppice- . 
with-standards may often suffer severely. In high forest, 
)pen woods suffer more than dense woods, and isolated 
irees and those along the borders of the forest suffer most. 
Westerly, south-westerly and north-westerly aspects are chiefly 
shreatened, as hail usually falls with a west or south-west , 
wind. The stronger the wind, the greater the damage. 


2. Prevalence of Hailstorms. v; 

Hailstorms are not very common in Europe, they occur 
only in late spring or summer and generally during the day- ^ 
iime. They are very severe in Northern India, occurring 
generally during April and May, and the stones are then^^ 
frequently as large as walnuts, and batter stucco buildings ass| 
if they had been subjected to a volley of musketry and even.;,| 
penetrate corrugated iron roofs. Such hailstorms may com-*^ 
pletely strip the young shoots from trees and tea-bushes, inJ 
the latter ease causing damage which may be estimated at| 
thousands of pounds tor a tea district. i., 

( In Germany there are, on the average, only about five 
itorms a year, but on the west coast of Europe there 
about fifteen. These are sometimes very local, extendingl 
inly over small areas. Thus, in Cambridgeshire, within fifteett| 
wiles round Chatteris, one shilling per acre insurance {or| 
agricultural crops against hail is charged; outside this zoH6,i| 
sixpence per acre. . *' JiM 

.^ilstorms are v^ |>revalent in Wiirttemberg, jrhbwl 





by hail; Ta’rwrd of them has been kept sinee 1828. The 
chief results of the statistics there recorded may be summarised 
as follows:— 

Communes with fields on hill-sides with south-westerly, 
westerly and north-westerly aspects suffer most. East, south¬ 
east and north-east aspects suffer much less. 

Hailstorms generally come with the S.S.lrV.,W. and W.S.W. 
winds. $hey follow the course of large river-valleys, when 
these run N.E., but ie&ve the valleys when they run in other 
directions. 

No connection between systems of forest-management, nor 
species of trees grown is discernible, either on the severity or 
frequency of the hailstorms. 

Observations have also been made at the Meteorological Office 
at Zurich in Switzerland, between 1883 and 1893, and in dis¬ 
cussing these. Dr. C. Hess* states that hail is more frequent 
in valleys than on mountains, where it is often transformed 
into sleet or rain. Near marshes and lakes, hail is more 
frequent than over woods. On passing over cultivated lands 
or hill forests, there is a tendency to a decrease in the intensity 
and at times an entire cessation of the hailstorms. Hailstorms 
follow a regular line and maps could be constructed showing 
where the crests of the hills should be protected by forests. 

A hailstorm most destructive to woodlands occurred on the 
2nd of August, 1888 at Chybi, in Austrian Silesia. On 1,911 
acres of forest, belonging to the Archduke Albrecht, thres 
confluent hailstorms almost completely destroyed 600 acres ol 
young woods and plantations, and injured 800 acres of poles 
middle-aged and old woods to such an extent that they had t( 
be felled. 

• Mr. Eebmann, forstmeister at Strassburg, describes th( 
great damage done by a hailstorm on the 30th June, 1898 
which crossed Alsace from Avricourt in France, past WSrtl 
to Karlsruhe into Bavaria. The storm travelled at 34 milei 
■an hour over a distance of 437 miles, lightning being almds' 
.continuous. The stones were sometimes as large as the fis 
And killed much game and birds, one man and two horses 





Sown, besides great damage done to young wood and to the I 
agricultural crops. The falling of such masses of hail caused 
the air to rush in all directions, and trees were consequently ■ ^ 
blown down from all points of the compass. 

’ According to Claudot (“Eev. des E. et F.,” 10th March, 1896), j') 
French official statistics give 27,000,000 francs as the average ? 
value of the annual damage done by hail to F.”3ncli crops in 
1826-86, whilst in 1884-88, this damage’awaged 106,000,000 : 
francs, so that insurance rates against hail have Increased so 
as to become sometimes prohibitive. • ‘ 

Owing to the disastrous effects of hail on agriculture, the , 
question whether the maintenance of woods on mountains 
and hills affects the prevalence and severity of hailstorms is. 
highly important. It is found that in Canton Aargau, in ^ 
Switzerland, districts with much woodland suffer less from hail . 


than less wooded districts. 



District. 

Wooflland 

Hailstorms 

; Zosingen 

})er cent. 

annually. 

- 40 - 

■ 2 

* Lenzburg - 

- 82 - 

- 6 

Muri 

- 19 - 

- 10 


In the northern part of this canton, the hailstorms prevail 
in the badly wooded tracts, and are scarcely known in the 
iwell wooded ones. In Bohemia, however, observation has 
bot supported any connection between woodland and hail. 

I' 3. Protective Meamres. ’ ‘ 

i', 

f, i. All hill-tops and ridges should be wooded and all blanks ' 
|in forests should be filled with stronff transplants. ^ 

ii. Adopt selection fellings in districts subject to hail-.ii 
Itorms. , 

I iii. Mix broadleaved trees with conifers, so that if the f 

iatter are seriously injured there may still be left material to; 
iestock the woods. 'I 

II iv. Seriously injured spruce and Scots pine are ruined and'l- 
^.ust be fel|^. With larch and silver-fir recovery is possible,! 

broadleaved plants shouldi be out back and allowed to'l 



OIIAPTEK VI. 

PEOTECTION AGAINST SNOW. 

1. Damajie dune. 

A. Geaeral Aocouat. 

Snow injures forest plants by its downward pressure when 
lying on their branches. 

The resulting damage consists either in snow-pressure or 
smwhrcak. 

The action of snow-pressure consists in tlie bending or 
uprooting of entire stems, often with the ball of earth round 
their roots, or branches may be torn out of the stem. 

Snowhreak is said to occur when the stem or branches yield 
to the weight of snow accumulated on them and break, either 
across the bole, the crown, or branches. When the ground 
is soft, bending chiefly occurs, when it is frozen breakage. 

A special form of injury arises when a mass of snow sliding 
down a hill-side falls on undergrowth and crushes it; this 
resembles an avalanche, and is not uncommon on cold aspects. 

B. Damage under Special Conditions. 

The direct results of excessive snowfall resemble those- 
occasioned by storms (p. 583). Much game is also destroyed. 
Fortunately rabbits cannot thrive in snowy mountains, as 
in the higher Ardennes. 

The indirect damage done by snow is the softening of the 
soil and predisposition to denudation and landslips; swelling 

mountain torrents, owing to rapid melting of snow, causes' 
'disastrous floods. 

' a. Spmes of Tree. 

Trees with pendulous or flexible leaders or branches, such 
ids birch, larch, deodar, and others with a tendency to a squat;; 
iibrub-like habi^ and to form side-shoots into leaders, such aS;- 
•igto mountain-pine, greted tdder, and most rhododendron#, -^ 
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On the contrary, trees with brittle attachment of the brand 
to the stem, such as Pinus ngida, Mill, and some Etmlyi 
may withstand frost, but are broken to pieces by the snow. 

Most European trees withstand snow fairly well, but ev 
green conifers suffer most from it, in the following order 
Austrian and Boots pines and spruce; less—silver-fir. 

Weymouth pine resists snow well, owing to the elasticity 
its branches, and the larch suffers much less from snow ti 
other conifers owing to its having no needles in winter 
snow to rest on, but it may be injured when snow" falls 
autumn before it has lost its needles. Cembran pine 
another tree found at high altitudes; though growing s1o\a 
it attains a great age, and resists the snow owing to its tuf 
foliage and tendency to form new leaders, which the silver 
also possesses. 

The Austrian pine does not resist snow well owing to 
dense crop of long needles, which allow much snow to rest 
its crown. The spruce generally suffers more than Scots pi 
as it grows at altitudes and on aspects where snow is m 
frequent and least liable to thaw; the Soots pine, on the ot 
hand, is chiefly grown in plains where snow is less frequ 
and thaws sooner and cannot thei'efore accumulate in mas 
on the crowns of the trees. Wherever the spruce and Sc 
pine grow together in mixed woods, it is found that the lal 
is less resisting owing to the brittle nature of its wood; 
branches of the spruce, being more elastic and splitting 1 
readily, can support a greater weight of snow than pines. 
silver-fir is more resisting than the spruce, owing to the gres 
depth of its root-system and the more upward insertion of 
branches. In Windsor Forest, after a heavy snowfall, 
position of any cluster pine can be at once recognised by 
heap of broken branches under the tree. 

P broadkaved trees, the beech suffers most from sn 

tmt on account of its possessing less powers of resistance, 
because it ascends higher in mountains than other import 
broadleaved species. 

, :.Alder, robi^, aspen, an^ crack-willow suffer on aecoun 
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‘ show stiuld fall before it has lost its leaves. Hornbeam 


stands the danger better, and so do ash, maples and oak. 
It is, however, more difficult to draw up a scale of broadleaved 
trees according to their powers of 


resisting snow, as so few broadleaved 
trees form woods in mountainous 
districts. 

The lowes part of stems growing on 
mountain slopes exposed to heavy 
snowfall curves outwards before be¬ 
coming vertical owing to the pressure 
of the snow which accumulates behind 
it, especially during the youth of the 
tree. In hollow depressions on steep 
slopes, the weight of the descending 
snow is so great, that masses of it slide 
down every year and crush all the. 
seedlings they meet. Such places in 
the Himalayas are bordered by species 
of maple and horse-chestnut which 
apparently withstand the sliding action 
of the snow better than conifers or 
evergreen oaks, which are the chief 
components of the Himalayan forests 
between 7,000 and 9,000 feet altitude. 

b. Pari of 'free. 

Young trees may be bent down, by 
snow, individually or in masses, inclu¬ 
sive or exclusive of the ball of earth 
around their roots. 

Tearing out of branches by.wet snow 
from the stem, as shown in Fig. 256, 
is a less common form of damage, by 
which the stem becomes almost worth¬ 
less for timber, and more liable to fresh 
breakage. If all the branches of a 





Fig. 256.-Pora 
the leodisg shoot oi; 


verticil are thus torn out, the leading • “ braashes 

Shoot invariably dies. This form of ^ 



jury 18 common ■vran pines, anu uraiiKiiBH up waj luuuw 
lick are thus tom out, the holek becoming filled with resin! 
id the torn branches eventually falling off, so that th< 
image done to the tree may escape notice. In the case ol 
iruce, the branches thus torn out are not generally morf 
lan 1| inches thick. 

Amongst broadleaved species, softwoods, including birch 
iffer most in this way, then ash and maples; beech and oaki 
iffer less, though much similar damage was done by snow U 
iks in Windsor Forest in October, 1878, when they were ii 
ill leaf. 

According to the age of woods so affected, sometimes thi 
laders and branches, at others the stem at different heighti 
hove the ground, are more subject to snowbreak. 

The former mode of injury is commonest in seed-year 
mong older conifers, as the cones increase the weight on thi 
L'own of the tree. 

Stem-breakage usually occurs in the case of trees injured b; 
Bsin-tapping, game, or by other causes, or trees which ar 
irked or cankered at or above the seat of injury. Th 
xuding resin and the usual local decay at the woum 
sduces more or less the elastjpity and strength of th 
terns. Observations in the Harz show the influence c 
rounds on snowbreak most clearly up to an age of abou 
5 years. Even' thinnings have an influence, as mos 
tern breakage at bounds occurred in heavily thinne 
roods. Thus the percentage of broken stems in the 
s counted by von Hague (1869-60), in 82-year-ol 
prnce poles injured by game and resin-tappers, is a 
allows 
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At tlift 

ijohtl of 5D,iiiry. 

Alxive the 
seat of injury. 

Ucmai'kH. 

78 

27 

Unlhinnal wood. 

7r~ 

'25 

Slightly thinned a year betojsi 


'12 ■ 

Heavily thhaed a year Wore. 
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L liie following table gives von Seelen’s observations on 
pmage by snow in December, 1883, in the Hasselfeld forest 
range. 



PfiTlcnM'ArtR OF 

.. 


JjRRAKtaK. 


Vlar*o of Bi'ealtflge. 



Rcimu-ks. 

• 

80-40-yeaT- 

Over 40 


old troi'fl. 

years oM. 


Root-coil um.. 

C, 

17 


0 feet lip the stem. 

(ki 

a 

Altitude l.SOO tool, 

(Of these at a place where 



site nearly level. The 
younger wood had 

bark was injured). 

(iW) 

(1) 

liecii heavily thimieil. 

Ovcv e feet up stem to crown 

20 

30 

stems were 

counted. 

Within the crown . 

■ 

12 

50 



c. S//slm of Mamjment. 

As the species which suffer most from snow are grown in 
high forest, that system is most liable to snowbreak. 

: Woods, where the trees in each compartment are of even 
age and height, suffer more than uneven-aged woods, such as 
those grown under the selection system; in the fm-mer cau, 
snow may lie in masses like a flat roof over the crowns of the 
strees, especially when the wood is densely stocked, whilst in 
:nneyen-aged woods the snow has a greater surface to cover, 
the tree-tops being irregular in height, and more enow reaches 
:the ground by falling between the crowns of the trees. In the 
■^second case, the wind also enters the wood more freely and 
fhakes the snow from the crowns of the trees, 
fc Hence, in localities liable snowbreak, the selection and 
Ironp systems are more suitable than other high forest 
Systems. In coppice-with-standards, the lanky tellers occa¬ 
sionally suffer 80on«aften a felling. Pure coppice is rarely 
Injured by snow. 

|; -iii; d. Age of Wood, 

g Slowly growing'specws such as silver-fir, spruce and beech’ 
m most endangered ^snow between the aces of 20 and 60 ' 



between the ages of 15 and 30 years. Thickets 1 to 20 yea^ 
old withstand snow better owing to their elasticity, and woodl 
over 60 years old suffer less, oji account of the greater size of 
the trees, although in Thuringia 60 to lOO-year-old woods 
have suffered severely. A distinction must, however, be- 
made between bending and breakage. Bending owing to enow 
is most frequent in woods 20 to 40 years old, and occurs 
generally in patches. 

: Snowbreak, on the contrary, is most frequent in woods 
40 to 60 years old and even in older .woods. The crown and 
leading shoots of the trees are chiefly broken in woods up to 
60 years old, whilst in older woods branches are broken off the 
stem. In otherwise uninjured woods, stem-breakage is 
generally near the base of the crown and occurs here and there 
to individual trees. Younger drawn -up stems are often broken 
in groups, and sometimes in strips, owing to the action of 
■ wind during or after the fall of snow, 
i'. In the extensive snowbreak which happened in the Harz 
■forests in December, 1883, trees of the following categories 
f were injured in following proportion for the whole area 
affected 


Age of ’Woods 

I’orcetilagc ot 

in Years. * 

lireiilcage. 

20-80 . ' . 

. . ■ 10 

30—40 . 

. . ■ 25 

40-50 . . 

. . . 25 

50-60 . 

. . . . 20 

60-70 . . 

. . . 12 

70-80 . . 

5 

80 and over . 

8 


^ountain-forests are more affected by snowbreak thc.„, 
kiSorests of the plains and lowlands, flfhe localities in Germany 
limost jsxposed to snowbreak lie between altitudes of 1,300 and 
% 46 ll|f 0 t ; tbesno'ff falls more abundant^ at higher elev^ 
llions.lut then the flakes are smalier^^and drier, and do ml 








SNOWBREAE. 107 ■ 

Switzerland, in 1885 damage by snow extended to an altitude 
of 6,560 feet above eea-lovel. 

No aspect is absolutely safe against snowbreak; most 
snow in Central Europe comes from a westerly direction, from 
whieb quarter also the strongest winds blow. The south¬ 
easterly, easterly and north-easterly aspects, especially just 
below thft crest of the hills, suffer most; the snow falling 
most abundantly in such places and being less easily shaken 
from the trees by the wind, accumulates on their crowns. 
Since, also, freezing winds blow chiefly from the east, a frozen 
crust is then formed over the snow, on which more snow 
lodges when there is a subsequent snow-storm. North and 
north-westerly aspects suffer less, and westerly, south-westerly 
and southerly aspects least of all. Depressions and sheltered 
spots in valleys are much exposed to snowbreak, as the wind 
cannot free the crowns of the trees from snow in such places. 

Fertile, deep, moist soil (above granite, basalt, porphyry) 
favours growth in height, produces brittle coniferous wood, 
and disposes the trees to breakage. Slowly grown short trees, 
that occur in unfavourable localities, are much less endangered. 
Too much moisture in the soil is also unfavourable, as the 
roots have a bad hold on the ground. 

A strong growth of grass and herbage is bad in plantations,, 
as the snow presses the weeds on the young plants. 


f. Mode of Formation. 

: Under otherwise equal conditions young pole-woods which 
i'have grown up in dense thickets suffer most from snow, their 
fseanty root-systems and slender drawn-up stems exposing 
,fhem to ganger. Poles resulting from sowings suffer more 
‘than plantations where from the first each individual plant 
has had sufficient room for its development. Planting two or 
;«iore plants in each planting spot, termed multiple-planting, 
rjs also less favourable where snow is to be feared than planting 
JBingle plants. 

'p;. The distance between the planting-spots is also important, 
?|ks plants with strongef^nots, and crowns, capable of resisting 
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apart. _ 

Observations made in the Harz forests in December, 1®, 
after the disastrous snow-storm already referred to, gave the 
following pereentages in 100 acres of spruce woods which were 
bent down and broken by the snow: 

Single planting, 18, 

Multiple planting, 26, 

So that the single planting suffered aljout one-third less than 
multiple planting. 

Mixed woods consisting of broadleaved trees and conifers 
suffer less than pure coniferous woods, as less snow rests on 
the trees, and the broadleaved species are less liable to injury. 
Beech, sycamore and hornbeam should therefore be mixed 
with spruce or silver-fir. The larch has not succeeded in 
German mountain-forests, but it grows admirably in the 
British Isles when mixed with beech and other conifers, pro¬ 
vided the soil is suitable, and such mixtures arc well adapted 
to withstand heavy falls of snow. 


g. Effect of Thinnings, 

Woods which have been properly thinned are generally less 
iable to damage than unthinned woods, not only on account, 
ff the sturdier forms of the trees and their more regular i 
srgwns, but also because more snow reaches the ground in>^ 
ihinned woods, and the weight of the snow which rests on the 
jrowns of the trees is less than when the woods are very , 
lense. The wind is also more effective in thinned woods in ; 
ihaking the trees free from enow.' 

Extensive snowbreak has indeed been obseiwed at*times ini 
tinned woods, but this does not invalidate the atove reason-' I 
ng, for sometimes thinnings are put off too long, and if ' 
ixcessive snow should fall on weakly Stems just set free by 
i;«trong thinning, it is evident that much damage may be - 
(one. It is therefore to a certain extent an affair of chance, J 
is regards the first thinning in a 4®Se thicket, whether'i 
lamag^ by snow occurs or not,,:hut;Ae long^ the =»oodi 
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escapes dSmage after the thinning has been effected, the better 
it will resist should a severe snow-storm occur. 

'thinned woods, individual stems are more liable to 
breakage, whilst in unthinned woods whole patches of poles 
may be crushed. Biihler* has undertaken some very interest¬ 
ing experiments to investigate the effects of thinning on snow- 
break* Ifhey show that heavy thinnings are loss affected by 
snow than light thinnings; it is not the dominant poles with 
regularly shaped crowns that are so much endangered by the 
snow as the badly grown polos with lop-sided crowns, and 
these are removed in heavy thinnings as well as dead, dying 
and dominated poles. A heavy J,hinning somewhat interrupts 
the leaf-canopy, and thus allows more snow' to reach the 
, ground than in a dense pole-wood. 

h. Sluk of Ihit Wenllter. 

±he snow is the more destructive the wetter and larger' 
, the flakes and the more quietly it has fallen. Small flakes 
^pass more easily between the branches of the trees, and dry 
snow is more easily shaken off them by the wind than damp 
' snow. During a frost, however, wood is more brittle, and 
consequently breakage is easier. 

The greatest damage is done when a thaw sets in after a 
fall of snow, and is followed by a frost, a fresh fall of snow-: 
and a strong breeze. Such a combination of circumstances '' 
will cause extensive snow-breakage in woods of all ages,' 
whether sown or planted, thinned or unthinned, forming a sad 
picture of devastation for the forester, who sees the results of: 
his care at once nullified. ' 

2. Record of Damage dime by Snow. 

Snowbreak being of a local nature only, the occurrence of 
adous damage in the Harz mountains maybe cited. During ' 
the sixty-six years endiHg with 1897,'there have been nineteen 
disastrous years of snowbreak, or one year in every four, the 
worst of which were as follows 

In Jajinai 7 and February, 1844, in Hanover, two million 

“Schnoedruck u. Duwiifotstun^grad,’’ “fractlscher Forstwirth," 1890. 
|<)8.3r-8. — : 
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broken by snow on 85,635 acres, being at the rate of 78 cubit 
feet per acre, about half the fixed annual yield of the forests 
The chief damage was done on the northern side of th( 
mountains. From the 10th to the 13th December, 1883t anc 
from the 11th to the 27th January, 1884, 22,500,000 cubit 
feet of timber were broken in the Hanoverian Harz, and aboui 
7,000,000 cubic feet in the Brunswick Stale forests. 

In,the winter of 1894 95, owing to the very heavy snowfall 
much game was killed in Obersteirmark. On an area 0 
1,793 square miles, 5,642 head of red-deer, chamois, and roes 
perished|®being about 15 per cent, of the stand of game 
estimated at 21 head per square mile. 

3. Proteetioe Rules. 

Protective rules against damage to forests by snow shoulc 
be drawn up, either on the principle of reducing the power 0 : 
attachment of the snow to the trees, or of strengthening th( 
latter. The question will be discussed under the heads 0 
formation, tending, and utilisation of the woods. 

a. Formation of Woods. 

i. Species endangered by snow should not be plantec 
in snow localities, especially in pure forests. Scots pine ii 
iabsolntely out of place in regions where snow lies deep ir 
ypinter. The chief species here should be the spruce, silver 
or larch. 

1', ii. In planting spruce, introduce a mixture of silver-fir 
larch and broadleaved trees, such as beech and sycamore. 

iii. Natural regeneration, especially lor silver-fir and beech 
and also for spruce, will give better results than regular plan 
fetations; it produces the trees in groupsiind with a mixture 0 : 
proadleaved species, which should be encouraged, 
p iv. Where the clear-cutting system is followed, strong 
*itiorsery-trained transplants should he used to restock tin 
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fall between the plants. The plants should be somewhat 
closely planted wherever heavy snow is to be feared, so that 
they may afford one another mutual support against the snow. 

V. Avoid Bowings in the open, planting with strong trans¬ 
plants (no multiple planting) and that have not been too 
closely lined out in nurseries, so as to produce strong, 
resisting<plants. 

It is better to plant in lines, which should be parallel to 
the direction of the prevailing wind, so that snow can be 
driven between the rows of plants. At lower elevations 
the rows should bo to i*) feet apart, at higher elevations 
21 to 3^ feet, to prevent the branches being torn out. The 
plants may be 2^ to 3J feet apart in the rows. Wider ^ilanting 
has given bad results in the Harz. 

vi. An excessive growth of grass, bracken or other weeds 
should be removed from young growth, as it may be pressed 
down by the snow over the plants and kill them. 

h, Protertion diirimj Thimi/uju. 

i. The most efficient measure to protect woods against 
snowbreak is to make timely thinnings, in accordance with 
sylvicultural rules, and suitable to the circumstances of each 
case. In woods endangered by snowbreak, thinnings should 
commence early, be frequently repeated, and increase in 
intensity with the age of the trees. At the same time great 
care must be taken in the first thinning of densely stocked 
pole-woods. 

ii. All injuries to the bark of trees, including resin-tapping, 
must be avoided. 

iii. Tn specially valuable young pole-woods, the snow may 
be shaken from the trees; this measure was successfully 
applied to 10 to 20-year-old Scots pines in Wiirttemberg and 
Silesia in 1868, but can evidently be carried out only on a 
small scale. 

r. During the Principal Fellings. 

i. Felling by the selection or group methods should be 
followed in high mountain regions, on peaks and ridges, as 
this favours uneven heights in the trees. Uniform covering 
e! the ^Oi)'with thus nrevented. ' 



should not be too extensive; several series of felling-areai 
should therefore be established. 

iii. In coppice-with-standards, only strong tellers should lx 
reserved. 




4. Treatment of Injured Woods. 

The treatment of injured woods will depend on- their ag( 
and the species of which they are composed, and the kind oi 
damage they have experienced. 

If extensive damage has been done by snow, the first duty 
of the forester is to remedy matters as soon as possible; in 
coniferous woods especially, all bent and broken wood should 
be at once worked up and sold. Trees on which three or four 
verticils of living branches have been spared may be left 
standing, after carefully prmiing off their broken branches, 
.^tems which have been bent over from the ground may 
ifecover their erect position owing to their elasticity and 
striving towards the light, and in any case they assist in 
keeping the soil covered. The woodcutters, who are removing 
broken stems, may be directed to set the bent stems upright, 
and, if necessary, attach them by string or wire to stems 
which are still erect. 

For the rest, the treatment depends chiefly on the species, 
the age of the injured crop and the extent and nature of the 
^nowbreak. 

Young coniferous woods which have been broken in patches 
■and strips should be replanted with large transplants of beech, 
sycamore, larch; spruce, silver-fir, or Weymouth pine may 
[also be used, in accordance with the suitability of the soil for 
species. Breakage of leaders is often repaired naturally 
formation of new leaders, by Scots pine and larch, even 
though it may for long be recognised by double leaders, 
lyonet leaders, etc. 

|, Older coniferous woods, when greatly thinned by snow- 
•eak, should be underplanted; spruce-woods with beech and 
iflver-fir; Scots pine woods with spruce and sessile oak. The' 
toarks already made regarding repairs of damage^ 
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p'lnjared Moadlei^ed woods, especially beech pole-woods, 
|may be repaired by cutting back the bent stems at heights 
■; of 12 to 18 feet from the ground, the stems being bent 
, straight. In ^se of very serious damage, however, the 
injured woods, if not too old for reproduction from the stool, 
must be cut back close to the ground, and the thinned wood 
underplanted with beech or silver-fir. In order to fill larger 
gaps between the trees, sessile oak, larch, Weymouth pine, 
white alder and robinia may be used, the two latter at low 
altitudes. 

By means of a combination of all those plantings, woods 
like coppice-with-standards will result, which, owing to their 
unevenness in age, height and rate of growth, will "be better 
able to withstand future falls of snow. 





CHAPTEB VII. 


PEOTECTION AGAINST EIME.* 

A. General Account of Damage. 

Eimb and ice may incrust and overlade stems, crowns ai 
branches, and thus break or uproot trees. Kimc, mile 
accompanied by snow, seldom seriously damages trees, b 
this is'not the case with ice, and when this is followed 1 
snow and a stiff gale, forests may suffer very considerably. 

The damage done resembles that effected by storms ai 
snow. 


B. Damage under Special Conditions. 

a. Sjiedes. 

Coniferous woods suffer more than broadleaved wood 
Scots pine and other pines suffer most, then spruce, silver-! 
and larch. If larch be covered with needles, it may suffi 
more than spruce. 

In broadleaved woods, poplars, willows, alder and robini 
on account of their brittle wood, are most endangered, but i 
these trees are not extensively grown, their damage is m 
very important. The beech, on account of its dense foliag 
suffers considerably. Oaks and birch, in leaf,' also suffi 
greatly. 


L Ap of Crop. 


Whilst damage by snow chiefly affects thickets and youri 
pole-woods, ice and rime will do more damage to middle-age 
and even mature woods. Scots pine and larch-woods thirty I 
sixty years old and beech-woods from forty to eighty yeai 
are most liable to injury. Pole-woods are generally bent, bi 
l^inay be sometimes crushed by the weight of ice they bear, t 
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uermany, ciiieny occurs ai aitituaes uetwcen i.ouu ana a,eui 
feet. In South Germany, up to 8,300 feet, crops suffer the mor 
the faster their growth and the shorter the interval since th 
last thinning. The wetter the soil the more trees are up 
rooted. Northerly, north-easterly and easterly aspects suffe 
most, especially steep slopes and depressions exposed to th 
north-east wind. Woods suffer on both sides of valley 

running east and west, whih 
in valleys running north an 
south only the east aspec 
suffers. 

d. Demhj of Crap. 
Isolated trees suffer mor 
from rime and ice than tree 
growing in dense woods, a 
they have a larger surfac 
exposed, and tins applies t 
avenue trees, seed-bearers i 
regeneration - fellings an 
standards over coppice, an 
also to trees along the easterl 
and northerly borders of 
wood, or of an exposed felling 
area. Trees afford one anotlu 
mutual protection in a dense wood. At the same time, loft 
poles just set free from a dense growth by a thinning ma 
suffer considerably. 

e. ^Yeat'kr. 

Most damage by ice occurs in January and Pebruary; bi 
trees may be endangered in November and December. Nort 
^and east winds specially favour ice-formation. 

C. Eeoord of Bad Years. 

The damage done by rime and ice as well as by snow is of 
pdcal natiu^ arnd in the fiaiz moontains there v^e tdiii::|>^ 



Fig. 259.—Needles ef Scots pine 
ejicrustcd with ice. 



ykrs”between 1821—1897, which were also the years n 
which much snow-break occurred. 

The weight of ice on the trees is sometimes considerable, 
as much as fifty pounds on six pounds of wood. A most 
destructive ice-break occurred between the 18th and 25th of 
November, 1858, in the Spessart, Odenwald, part of the 
Pavariac Palatinate and Rhenish Prussia, in which the ice- 
crust was eighteen to twenty times the thickness of the wood on 
which it rested. In the Spessart, 2,750,000 cubic feet of wood 
was broken; .in the Odenwald, nearly 2,000,000 cubic feet; in 
the State forests of the Palatinate, 11,000,000 cubic feet and, 



fig, 200.—Slioot uf Seota piae covered with ice. 


about half as much, in the Communal forests. Observations 
Showed that a spruce plant feet high had to support 
165 lbs., and single Scots pine-needles, over half an ounce of 
ice. The picturesque forms of the ice-encrustations are shown 
is Figs.-259 and 260. 

; In Prance and Central Germany, from the 22nd to the 24th 
ef’January, 1879, there was most extensive breakage of woods 
by ice, which is dkcribed by Janin in the Beme dee Dem . 
Siotidet. Jp certain broadleaved forests, about 50 "per cent,: 
ef the stems were and in carefully thinned Scots pine*i 
Roods, 70 perti^i^iln the forest of Fontainebleau, aboat^ 
5j800,000 stacked edfec feet wood were broken, thin twigsi; 



aeaa partnages were picaea np coverea witn ice. -I 

;; Great damage by rime to elm and other trees is described'; 
by Plowright as having occuri'ed in Norfolk on Jan. 7th, 1889^ 
i<Fig. 258.) ' ■. 

. D. Protective Enles. n . i 

(«) P’ormation of strong young growth. Where danger, 
':from rime and ice is feared, the Scots pine must be excluded ^ 
;. or mixed with other species. 

, (6) Maintenance of the leaf-canopy even in’ old Woods. _ 
Heavy thinnings should not be made in dense pole-woods. 

(c) Isolated standards should not be reserved in high 
forests. 

J (d) A protective belt should he maintained on the north- 
; eastern and eastern borders of woods. 

V, (e) Wherever danger from rime-frost is greater than from 
;■ storms, cuttings should be made in woods from south-east to 
!' north-west; the south-westerly gales then blow along merely 
the face of the felling-areas, and endanger a few border-tree^j 
ii’Only. The correct direction for felling-series can be decided" 
only after a thorough knowledge has been acquired of the, 
[ configuration of the ground and of the local factors. 

E. Treatment of Injured Woods. 


tteierence is here invited to Chapter III., p. 657, and) 
KvChapter VI., p. 570, dealing with woods damaged by etonij|! 
I ’ and snow, as those which have been injured by ice will require'; 
i similar treatment. ■* 



PAET V. 

PEOTECTION AOAIIfST NON-ATMOSPHEKIC PHENOMENA. 




PEOTECTION AGAINST NON-ATMOSPHBBIC 
PHENOMENA. 

The chief non-atmospheric phenomena to which forests are 
exposed are sivamps, Jki(xl8 nnd torrents, avalanches, shifting 
sands and forest fires. Damage to woods by these agencies 
will now be described. , 



CHA|TEK,I 

;\;PBOTBCTION AGAINST DAMAGE BY SWAMPS, 
FLOODS AND TOEEENTS.* « ■ 


Water acts either as a meteoric phenomenon, or as stagnant 
or flowing water on the surface of the ground, or in the soil; ■ 
its effects are partly mechanical and paplly physiological. 

The chief mechanical effects consist in soil-denudation, 
landslips, or floods. Physiological damage is done to plant- 
life and to the soil by stagnant water causing bogs and 
marshes. Damage to forests by heavy rain has already been 
dealt with (p. 554). 

Section L—Soil-Denudation. 


1. Description. 

Soil-denudation on steep slopes may be due either to siibsoit- 
^ater, surface-water, or to mountain torrents. 

.. Subsoil-water or sniface-water on hill-sides may cause land« 
slips, which bring down the soil with the vegetation growing ori 
it, and expose the Subjacent rock; this m^y occur either when, 
ihe slope of the*%ill-side is excessive, or when there is ani 
'Kupermeable substratupi which prevents the further desceiSl 
the water into the hill. • • - V S 

v' ’ Excavations of pits or qilteries at the base Of a hill mai 
iiave a similar effect. 

I - Mountain torrents may cause soil-denudation, or formravin^' 
deepening their beds and by wearing away their bahk^ 
'Jhe latter effect occurs chiefly at sharp turns in the coarse 
jtiie torrent, when one bank is formed of rock and the oth^ 
loos® Material., The force of the water increases ivith i!§ 

ruystftT,, “ Betttage tur ioratl. WssserbaukunUe" HamsOTer, 

W Ti«Tav*.d« fieljoisemeHt et f - 
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elocity, and may be assumed to be proportional to tne sixtti' 
ower of the velocity of the stream. 

To cite an example, a formidable landslip occurred on the 
6th November, 1879, at Vitznau, on Lake Lucerne. Here, 
it the foot of the Bigi, a mass of earth exceeding 85,000 cubic 
set, and covered* with trees, fell down the mountain side and 
died a depression, burying a chapel under mud to a depth of 
wenty feet. 

•Landslips occur frequently in all mountain chains, and in 
he Himalaj^as attain vast proportions; the Gohna landslip, 
n 1898, for instance, brought down enormous quantities of 
ock across a* valley, damming up a tributary of the Eiver 
ianges. This led to the formation of a lake 10 miles long 
md 600 feet deep, which eventually burst the dam in August, 
L894, causing a flood 30 feet deep to rush down the Ganges 
mlley and flood the town of Hardwar. Owing to the establish- 
nent of telegraphic communication, and to careful watching 
it the dam, all the inhabitants of the valley received timely 
earning of the probable bursting of the dam, and no lives 
sere lost. 

2. Damage done. 

Soil-denudation reduces the forest area, buries plantations 
■ind young growth in mud, injures an^ destroys forest roacU 
and other works, and fills up ditches. Ravines that become 
sonstantly enlarged by surface drainage are formed on hilb 
sides, whilst the beds of watercourses are raised, interrupted 
and altered, by the material brought down by tlie watex, 
inundations are thus caused. The amount of damage doht 
increases, the steeper the slope and the more broken itj 
Bontou|^and the looser ttie soil and the greater the weigh! 
of .the woody growth. Localities where landslips are likelj 
to occur may be recognised beforehand in wet years by crackf 
forming in the soil. 


8 . Protective Rules. 

The best protective rules to adopt against these dangers are 
(a) Careful mamtepai^ ,of a continuous woody growth pt 



pen places WBprotectfonforefts, and should be managed awidra 
hy selection or as coppice. For mountain-tops and plateaux;?| 
■the selection system is best, when accompanied by the timel]^| 
'planting up of all gaps that may occur in the wood; Ibut onii 




steep slopes, high forest presses too heavily on the soil and 
■Pould.make way for coppice with short rotations. ■ . ... ’ 

Wherever a landslip is to be feared, the bank shoul 
kept up by trattle-fences, by protection of the soil-coverin 
^d by not extracting the stumps of felled trees. The vario 
‘^roteetive messares which may . adopted, depend on t 
%hee;,¥.pe'“te;V8r.'8nd the- ewlfe^itances' of the 'loetdiirp 



^nnacB-mw, or Buosoii-water, ror instance, may oe corji-: 
'ducted away from above the endangered place by' ditches or 
drains. All quarrying below the threatened hill-side must 
:be stopped. 

(c) The following measures provide against damage by a 
iinountain torrent:— 

i. Eeafforesting the collecting-area of the stream; the 
methods to he adopted for this object ar.e described 
further on. 

. ii. Securing the sides and bed of the torrent by revetments, 
from its collecting area, downwards. 

iii. Reducing the force of the stream by terracing its bed, 
and constructing across the stream wattle-work fences or 
masonry works which keep stones and silt from accumulating 
in the lower parts of the stream. 

iv. Terracing the slopes of the valley on either side of the 
stream, and fixing them by means of sowings or plantations. 


4. Bevudial Meamrn. 

When, in spite of every care, landslips or ravines have been 

v.iused by abnormally heavy rain, or by melting snow, pro- 
Ur ‘•■’'6 works should at once be constructed. A revetment 
'made of wattle-work, or of logs fixed in position by piles 
driven irto the ground (Fig. 261, A), may prevent the 
occuriar of further damage. If, however, the landslip is 
'exte/. ,, several such constructions, one above the other, 
' mc|,^'. /made, and the earth between them be brought to a 
:,iuj!!r , i slope and planted up. In certain cases, complicated 
' m^onry revetments are required, 
i. In Order to make natural revetments (Fig. 261, B and C) 
woody growth must be on the spot. The bush is partly cut 
' through, splashed, and pegged down, with its crown uphill 
(Where there is no woody growth, trellis-work with living 
( branches of willows or dead branches (Fig. 261, D and E] 
j^should be employed. Pig. 261, F, shows how these willow 
jteellises may be planted along a elope. Wherever a landslip is 
f tered, adjoining trees should be felled, as they would otherwisj 
t'fall in and add to. 



Section IL—Inundations. 


1. Cavm of Inundations. i 

Inundations originate is valleys and plains owing to the. 
'dden thaw of masses of snow in the mountains or plat; ux 


\ 


';e them, or to prolonged or heavy rainfall, or to the,. 


Interruption of watercourses by landslips. 

The last of these causes is frequently due to clearing forests 
from mountain sides, and to bad management of protection- 
forests. When, on hill-sides, the effects of rain and surface- 
drainage are not reduced by a full leaf-canopy and by the 
binding effects of the roots of the trees on the soil, as well 
as the sponge-like action of the natural soil-covering of dead 
leaves and moss on the surface-water, the latter runs down 
unimpeded into the valleys, bringing with it quantities of 
boulders, gravel, silt and mud; this raises the beds of the 
watercourses, and causes them to overflow and spread 
destruction far and wide into the lower country, especially 
by leaving cultivated lands covered with gravel and silt after 
the floods have subsided. 

) Most inundations in Central Europe occur in April, when, 
they are due to the general melting of the mountain snow, or 
in August or November, owing to heavy rainfall. 


2. Damage done. 

!, Inundations carry away the soil-covering and humus from 
■forests, causing swamps and cold soil; they destroy young 
plants, hinder the formation of coppice-shoots, interrupt 
fellings and the export of forest produce, and often carry; 
jaway timber to great distances. The floating wood endangers ! 
'.bridges, fiver-bank protection works, and works constructed to' 
Ifacilitate the floating of timber. In spring-floods, trees, 
pgrowing along the .banks of streams may suffer from the^ 
^friction of the ice which is carried down. Many game-animals, - 
Cespecially roe-deer, are drowned. 

I The mud brought down by the flood, however, richly compi 
l^nsates for the loss of soilicovering and humus. iUver mu4; 
^ntains not only nutritive mineral salts, 


but yields lime mS 
taa^ilj absorl^ M 




plants, an« is ati excellent manure for lands that are poor in 
lime. The higher the floods, the greater is the deposit of 
mud. 


Dr. Schulze of Darmstadt gives the following percentages 


for the constituents of Rhine mud: 

— 



1871. 

1872. 

Potash .... 

0-43 

0-19 

Lime .... 

14-06 

15-65 

Phosphoric acid 

0-13 

0-11 

Humub^ .... 

2-86 

2-12 

Professor Nessler of Carlsruhe 

found 

the following con- 

stituents in mud from the Upper Rhine. 



Per cent. 

Per cent. 

CaO .... 

13-8 

17-6 

PA .... 

0-08 

0-14 

Humus .... 

1-1 

4-4 


The average amount of calcium carbonate was 27‘5 per 
cent. The percentages of potash and phosphoric acid are 
smaji, hut always greater than in ordinary agricultural soil. 

Besides the supply of large quantities of soil, the utility 
of floods also consists in the increase in subsoil-water, 
Specially useful for forests in dry years, and the destruction 
of rabbits, mice, .^cockchafer-grubs, etc., that burrow in the 
ground. 

The greatest recent floods in Central Europe in 1856,1868, 
1879,1882, 1885, 1888, 1889, 1890, 1892, 1896, 1897, and 
1899, chiefly affected the Alpine districts of Prance and 
'Switzerland, Hungary and Austria. 

' In 1866 the Rhone caused fearful floods, which drowned 
numbers of people,an^ damaged property to the extent oi 
i;8,000,000. One of the results of these floods was the enact 
ment by the French Legislature of the laws for the relommm 
of- the denuded momitain-sides, of the 28th July, 1860, and 
'Of the 8th June, 1864, for regazonnement, or restocking, then; 
iWith grass.* - 

j • Law,” Ba^-Powell, 18?S, p, 848. La-wi £or the protectiwi .0 

ftBODhiShi fsreets in,0.eniito. S-mtzertod. and Italr ate also re£ened to. 



f" Terrible floods, occurred in. Switzerland iii l868, and'Ml 
'Enngaiy in the valley of the Eiver Theiss, in March, 1879.^ 
In September, 1882, damage estimated at fl,000,000 was| 
caused by floods in Carinthia and the Tyrol, and therej 
were serious floods in the Rhine valley in 1882, and in the'^ 
regions of the Elbe and Oder in 1888. The great floods jS 
Silesia and Brandenburg in the summer of 1897, caysed t1^ 
promulgation of the law (1898—99) for protection of the,:j: 
tributaries of the left bank of the Elbe, in Silesia. Extensive j- 
floods occurred in the Thames and Severn valleys, and other'f' 
districts in the South of England,jn November, 1894. 

Serious floods* occur in Northern India nearly every year;,; 
between July and September, after the commencement of the , 
summer- monsoon, and owing to the great damage thus caused * 
to irrigation canals fed by the Ganges and Jumna rivers, the 
, forests on the southern slopes of the Siwalik Hills are now- 
|managed as protection forests. The Indian forest officialst; 
have for years recommended the adoption of similar measures 
to the lower hills between the Jumna and Sutlej rivers, ae 
the first burst of the monsoon on the annually grazed and' 
"burned sandy hills above the Hoshiarpur district causes most 
.disastrous inundations every year, besides bringing down 
quantities of sand, gravel, and boulders which have encroached 
considerably on the agricultural land below the hills, so that , 
by 1891, lands belonging to 914 villages i*were affected, anfl;^ 
80,(K)0 acres of richly fertile and long cultivated land laid' 
■waste,’besidea immense damage being done annually to rail*| 
way and road embankments, etc. The hills were formerly? 
covered with forest growth, but during the last forty years,| 
flocks of goats and herds of buffaloes belonging to about? 


Mghty hamlets of squatters have been allowed to browse^ 
^wn and destroy the forest grot® which formerly fixed; 
Me soil on the hills, and would spring up again were the? 
iannnal grazing and burning of the undergrowth restri<^»(l^ 
id law, termed the Siwdik Act, was passed by the Punjabi 
^Legislative Assembly in 1900, which permits the Loeal| 

vol. 418. 

p.8.. Baden-PoweU\Eeport.;,Hold's Jtepwt, vpl.,*, p. 






m 

poveriimeTit to make rules regulating the cultivation ol”^ 
land, the felling or firing of trees, quarrying and pasture' 
on such areas. 

8 . Protective Rules. 

;Private agency can usually do little or nothing to prevent 
■^ods. JEhe action of the State is indispensable, as the cost 
of the erection and maintenance of the works necessary to 
secure this object is quite out of proportion to the value of 
the property on which they must be erected, and the work" 
of fixing the beds of mountain torrents and reafforesting 
hill-sides in process of denudation must be carried out over_ 
a large area. 

‘ • The most effective measures depend on the careful manage¬ 
ment of mantain forests in the catchment-areas of dangerous 
watercourses, the main principle being to meet the danger at 
its source. 

Although observant* people discovered these facts and wrote 
about them a century ago, a long time elapsed before improved 
forest management and the erection of the necessary works 
were undertaken in regions that were threatened in this way. 
Serious and successful action, however, is now being taken in 
Prance, in Austria-Hungary, and in Switzerland, to counteract 
the causes of floods. 

The chief rules to be followed are 

i. Regulation of Torrents and their Feeders ,—The following 
.account of torrents is taken from an address by Fankhauser, 
,to the Berne Forestry Association, June 18th, 1897.. 

’ In every torrent there are three distinctly marked 
jdivisions:— 

1. The catchment aretft^ 

2. The channel course. 

The cone of debris. 

The principal mass of water forming a torrent com^s from 
|he catchment area. Single drops of rain falling on the 
lopmost ridges flow down their bare sides in fine, thread -j 
3^e stresms, and unite into larger and larger brooks. Mere! 

Aiaw^gi ImiBprwk, ,1779. 



uluiJB wttBii away only eartfi and sand, and loosen the lat^rl 
rocky masses, but the brooks carry down stones and gravel.*; 
The masses descending on all sides are received by the ' 
eliannel course. After heavy rain, the raging torrent rushes 
down its narrow bed, weighted with earth, sand and stonesi' 
It tears away and undermines fresh material from the bed' 
and sides of the stream, and the projecting banks .give way ' 
and add to the moving debris. 

When the torrent emerges from its naiTow bed into the i 
level plain, its force diminishes. The rubbish is heaped up'! 
into a cone of debris, or may be washed away by a larger 
stream or river. ° 

The most striking phenomenon in each torrent is the 
varying amount of water. The Ehine at Basel varies 
between its highest and lowest level, ae 1: HO. The torrent 
of Paucon, in the Lower Alps, once carried off 70 per cent 
of the rainfall, or 6(5,000 cub. m. of water, in twenty minutes,' 
and at the same time, 180,000 cub. m. of rubbish. 

By regulating torrents and their feeders the formation of 
the products of denudation is reduced, the velocity of the 
wate is slackened, earth, gravel and boulders are retained 
m the mountains, while, if possible, a steady and continuous 
now of water is maintained. . 


Works of the following nature should be designed in 
.accordant with the nhture of the locality, the characters? 
of torrents, the area of the collecting ground, and the funds ’ 
i; available• ■, 

; (a) ..Banicades of trees with their entire crowns thrown across ’ 

torrente, or stones strongly joined together, with a tree iii’; 
front of them These protect the base of the torrent from '; 
;4?epenmg. Large masonry barricades are best made bow^* 
|a%6d, with the bend up-stream, frhe nearer they aretJ 
liOne another, the better protection they afford. 

I (h) paving in msonry the bed of the tm. This not (Silw 
^events deepening, but also obstructs the carrying down 
»t, etc. These linings are made as in Pig, 262, A and B. Thdl 
|ow.sha^form A is preferable, bnt the polygonal form iJ 
r«aeierand cheaper to construct, and . suffices when the 




Fig. 263. 


flKeir mode of construction varies, according to circumstances 
ithey are erected at regular intervals and collect silt and 
^nes behind them.,. ^oi small torrents and where rapid 
work' is .rmhired. mere wattle-fences mav suffice.' 


ie'ig. U68 shows how a-valley is protected by a feries’li 
i)arrages. , ‘i 

(i) Wattle-fence$. These consist in simple wattle-fenee| 
made in curves and almost horizontal, the central point bein|' 
somewhat lower than the sides; they are afterwards raised 
as the bed of the torrent rises (t'ig. 264, A and B). When 
further denudation is no longer feared, the middle of the’ 
ravine is paved with stones a's shown in Pig. 264, C. The first 
fences are erected at distances apart of three meters; thejij 
are commenced from below and continued up-stream. Theiii 
erection is continued until the bed of the ravine is raised high’ 
enough for no more denudation to be feared. :|i 

.This simple plan, devised in 1838 by Jenny, is advisable 



Fig. 264.—Jenny’s Wattle-Fences. 


where only mud free from large stones comes down, and for 
lateral ravines leading into the main torrent. ,'v 

(«) Addenda. All the above-mentioned works serve tb; 
secure the bed of the torrent. The question of maintaining^ 
its sides will be discussed further on. ■ 

Such works are useful in districts with granite or oth®; 
■rocks, other than limestone. Torrents coming from limeston^ 
districts or from glaciers cannot be properly regulated. ■% 
? .In connection with the above works, the slopes leading 
^own to the torrent must be properly graded, and a systeni; 
,hf horizontal protective trenches laid out, so as to cut off thb; 
.^1-water and distribute it over a larger area. 'These trenoh@| 
^Ve proved extremely useful in preventing floods. .Tfieyl 
|»re beneficial to forest-vegetation, facilitate plantatmns, and; 
^80 revi e the original springs of water.; 
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pmild pblsess th'e necessary technical and local knowledge 
p) do so. 

_^In Prance, up to 1898, the Government had acquired 
875,000 acres in mountain districts for reboisement, and 
spent il3,100 in 1905-6 on the necessary works, having by 
1892 spent altogether fl,820,000 on the reboisement of 
166,197 ^cres. 

, ^ Extensive works have also been carried on in Austria 
since 1882, lil80,000 having been spent up to 1894. In 
Switzerland, in the four years 1894-7, about ^50,000. has 
been spent for the rectification of torrents, in engineering 
^works and planting. 


li. IVasiehml in Mountain Regions, especially on sloping 
ground, should be planted up, and the forests in such regions 
carefully maintained. 

burell,* in 1841, published a paper on the subject, making 
the following assertions 

(d) The covering of mountain soil with well-managed woods 
prevents the formation of destructive torrents, whilst the 
clearance of mountain woodlands favours them, 
f. (5) The reboisement of mountain districts will rectify 
mountain torrents, whUe the clearance of forest and its 
soil-covering doubles the strength of the torrents, and causes 
|iew ones. 

I A treatise on forest protection cannot go very far into the 
Subject of the management of mountain forests. The following 
femarks, however, are useful 

K-, The forest should be under the selection system. Planting' 
^ better than sowing for wasteland and blank spaces. The 
ipecies to be cultivated are chiefly Mountain and Cembran i 
pines, larch and spruce. The lines of plants should be at an 
ingle of 46° to the course of the torrent. Grass seed, consist¬ 
ing of a mixture of Avena elatior, L., Broinus erectns, Huds., 
pofcw lanatns, L., should also be sown. Uprooting of trees 
md stumps in fellings .mtfst be abandoned. Pasture, usage 
if litter and. other destructive forest usages must be absolutely , 
prbidden. 



■■ iii. llefiulatiHii of Ihe, Isirn Gome of the Sireavi, in 
. tliat it may, as far ns possible, be able to carry away higi| 
floods without dange)' lo the surromiding country. A river.itf' 
said to be reguhUd when the water is in the middle of thO' 
bed and flows away evenly, and the banks ate firm. 

In regulating watercourses the following points must be 
attended to:— . ' 5 

a. Thepro/ife of the watercourse must be nonnal. It must' 
be deep enough lo carry down small dehrin 
when there is an average (|uantity of water, 
and also wide enough to carry off floods 
without acquiring any great velocity. Too 
narrow, beds must be widened, and too 
broad beds reduced in width. 

h. The ijmlieiit of the bod of the water¬ 
course must be so modified that its velocity 
will not be too great nor too slow. The 
former is effected by means of weii-s, and 
ttie latter by shortening its course, as 
shown in Fig. 2G,5. 

C. Fkalton of the Itircr-lmihH. This 
can bo done by plantations, or by special 
works. 

For a full aecounl of the measures to bo taken in the lower 
part of a stream,,Bee Vol. Y., “ Forest Utilisation,” p. Uli. ^ 

4. Mdiimiement of Forests uu Land liable to Immdalms.*l 
^ ..The management of forests on land liable to be flooded 
includes much that is special lo the circumstances of the cas^ 
Species should be chosen that can withstand a good deal ..d 
moisture in the soil and occasional submersion; such ai’e tlM 
pedunculate oak, elms, black alder, wiffows, black and whi^ 
poplars, and the ash. In the wettest places the common aldei 
and willows are found; ash is more sensitive to soil-moist'm^ 
than poplars and the pedunculate oak. , i..J 

Among exotica are, Juglam mgra, L., Carya alba, Nutt| 
C. amara, H'utt., Acm’ californkum, Torr., and Fraxk^ 
j.;^*’38ebm»i^, “Pfe Eheiawaldangeu nad derm .Bewirthrfiaftaog.” 



Fig. 265, 
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^meiican^ £. ■ the latter witlistands water better than the^ 
pommon ash. 

Pollarding, the Selection system, and Coppice-with-standards, 
rich in standards, are suitable systems of management. Tree- 
willows may be pollarded, but poplars are best managed by 
cutting only their side branches, as pollarded poplars soon 
decay. Jdoth poplars and willows speedily reproduce the bark, 
which has been rubbed off by ice; they are generally grown 
from strong cuttings. Oak, elm and ash may be grown in 
High Forest. 

lleprodiiction is effected by planting saplings and slips, 
as natural regeneration is difficult to 
A obtain on areas liable to floods. 



A large number of saplings must be 
planted, to replace those that are injured 
by floods and to kill blackthorn and 
other noxious weeds. 

In the caseof Coppice-with-staudards, 
a much larger number of tellers is • 
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Fig. 2li6. Fig. 267.—Section irom A to B, slinwiug 

comparative Iiciglitc of wood. 


reseiTed at each felling than is usually the case under this 
System, in order to keep down inferior species such as black-;’ 
thorui Osier beds, chiefly of iSaW.r vimindis, S. purptirea, etc.,< 
may be planted by means of cuttings, and cut over annually. •' 
■ In the case of High Forest, or Coppice-with-standards, the 
felling-areas should be arranged at an oblique angle with the 
Sourse of the stream as shown in Figs. 266 and 267,1, being 
the youngest and VIII. the oldest wood, and alternate compart¬ 
ments differing in age by half the rotation. 

'i Such an arrangement affords shelter to the young growth; 
and prevents floods from carrying array beyond the next |jfip’ 

at'xvno/l ttiA ffllled. iinitwr IvitSir nn onw ch-ab 




‘Fellings should take place when the water is*1bwest,*^ 
when it is frozen. Timber should he removed up to t^ 
idvent of spring, and the coimneiiceraent of the floodt{| 
Glrass-outting and removal of litter may he carried on freely 
in such'forests, without danger of impoverishing the soil,'- 
which is enriched hy the annual floods; pasture, however,: 
should not he allowed. 


Section ■ III.— Swamps. 

1. Fomalion of Sicampt. 

The soil of a locality becomes wet when the drainage-watef; 
has not a suflicient outlet. If there he no outlet for the water, 
swamps or peat-hogs may he formed. Either swamps or hogs 
may he caused hy rain, snow- or spring-water, or water from- 
rivers and ponds. 

Drainage may he prevented either hmizontallti or rertically, 
the former if the water cannot escape superficially owing to on 
insufiicient fall of the ground; the latter, if it cannot escape 
by penetration into the subsoil owing to an impermeable 
substratum of clay, turf, clayey or marly loam, soil encrusted 
with iron, or massive rock, especially in horizontal layer^ 
Sometimes both these causes are at work, when the hartf 
done is intensified. The local causes of swampiness may vai^ 
considerably. 

(«) In hw-lying phim, swampiness is generally caused W 
flowing water, owing to a slight depression in the ground and'l 
stiff soil. 

(ii) In hasinshapetl valleys dong watmou-rses {T-du:c0^ 
swamps may he caused by surface-water, or hy undergrouM 
infiltration from the stream; the former happens after floolw 
when the overflow cannot find its way hack into the streai§ 
owing to the presence of high land along its hank. Part of tbl 
overflow must then remain on the low land, especially whm 
the subsoil prevents the descent of the water. Lagoons aloi® 
.the sea-coast are formed in this way. « 

ater may spring through permeable soilfrom neighhouru 
and, ,wh^ it thus ajipears 15^ ,dfi|>r|f ipn^. 


fehotes a 'high level of TOter in stream and comiilete 
aturafcion of the soil. 

i (c) In hi{ik ])Iatmiix, swamiiiness is due to heavy rainfall, or' 
p snowfall with subsequent thaw, or to saturation of the air 
combined with an impermeable subsoil accompanied by the 
growth of swamp-forming mosses or other plants. 

; (d) Smmjis on. a. hillside are generally caused by springs, the 
water from which cannot penetrate into the ground on account 
pf a-snbsoil of ejay or of horizontal rocky strata. If the soil 



Fig. 268. 

e, ImpfTmoaUe stratum. h. Permeahle stratum, r. Water. 

bn a hillside should be permeable above and imjterm^le 
below, all the water in it descends to the base of the hill, 
where it rises above the ground-surface and forms a swamp' 
|Fig. 268). If, however, the permeable stratum terminates in 
slope, drainage-water will spring out of the hillside, along, 
IJfb line where the two strata coalesce. 

. Damage done hj Swamps, 
a. General Aeemml. 

The damage done by swampy ground is as follows 
1 . Instability of the trees, which favours windfall, especially 
the spruce. 

ii. Stunted growth and liability to decay in the roots and 
ems of trees, and consequent loss of increment and sometimes 
lath of’ the trees. The bad growth of trees, on wet soil is due 
the exclusion of oxygen from the roots and to the low tem- 
ratures of the .gqil and air, as wet soil may reduce air-tempera- 
te bv to 14“ Fif f.JiA fnvnnaf.<lAn aI 









jearbohydratcs instead of carbon-dioxide in the soil.' Healthy^ 
;growth and activity of roots is consequently much impaired. 11 

iii. Increased damage by frost,, sometimes killing off youn^l 

plants (p. 49It). ^ 

iv. Difficulties in forest management iu regeneration and 

harvesting, also in transport. The wetness of the soil increases ■ 
the difficulty of cultivating it, and often renders spring-planting' 
quite impossible; seeds do not germinate iu too wet a soil, and , 
young plants often perish. • , . 

y. 'The tendency of a swamp to increase in area is another ' 
cause of "danger to the forest.. 

b. AmnKiuj to Sprrm. 

Hardly any forest species can withstand continuous stagnant 
wetness of the soil, hut the degree of resistance to it shown by : 
different species differs considerably. Experiments made in, 
the Palatinate, where there is an impermeable subsoil, show 
that trees resisted a very wot soil in the following order:— 

Pedunculate oak, elm, poplars, willows, hornbeam, common 
alder; ash,'sessile oak; Scots pine, spruce; beech, silver-fir, : 

It is strange to find the alder so low in this scale, as other 
obsirvations tend to prove that this species can withstand 
more moisture than the elm. The birch, and especially Beluld 
pubeuens, Ehr., will withstand much moisture in the soil, and;, 
so will the rowan (Pyras Auaiparia, Gaertn.) ' 

r. Age of Wood. 

■ Young plants are frequently killed by inundations. PoleS 
and trees on swampy ground suffer generally from root-decay,' 
especially the spruce, larch, and Scots pine. ’ 

d, LoralHy and Naim of Soil-Oomhig. 

>• 

Swamps are more frequent in lowlands than on hills and ia 
mountain districts, on massive than on stratified rocks, andffl 
heavy stiff soil than on loose soil Local swamps njay oecu| 
jwhere the substrata are horizontal, as on the Buntwsandsteiq 
^ the Blaek Forest, 


^^eially*'p6at-ino8s, i)redisp 0 se to-swampiness, wliilst per- 
?inanent pasture dries up the surface-soil, but will not thrive 
|oh very wet land. 

e. Denxiti/ of Standing-Crop. 

Clearance of forests, especially in mountainous regions, 
favours jthc formation of swamps; it may be observed as a 
general rule, that swampy ground, when once stocked with 
young wood, becomes gradually drier as the wood grows older 
anil covers the ground. This is especially true for coniferous 
forest, and the efficacy of the Scots pine for draining stamps 
is well known in Ireland, where many bogs have been formed 
on the former sites of forests, as is proved by the presence in 
tliem of l)og-oak and other woods. The damii, cold London 
clay at Prince’s Coverts near Esher, hardly ever dries up on 
the roads tlirougb llie forest, but the asdi, Irazcl, and alder- 
Copi)ice wiil be found to have dried up the soil on both sides of 
an extremely wet road.. 

In the forest-of S. Amand, near Valenciennes, in 1843, about 
2,000 aci'es was wet heather land, the -soil being sand with 
a slight mixture of clay. This was gradually planted with 
Scots pine, and these trees have, drained the soil to a depth 
of 5 feet, so that coppice with oak standards is now being 
introduced in place of the pines. Snipe have almost 
disappeared. 

J The valley of the Upper Rhone affords a warning example 
of the effects of clearing forests on the formation of swamps; 
the high land above the river having beOn cleared of forest 
at the end of the eighteenth century, in order to afford land 
for agriculture. Field-crops, however, have made way for 
pasture, and the quantity of hay produced annually lias 
decreased, till at last the formerly forest-clad areas have 
^sbecome covered with moss and converted into swamps. 
Reafforesting the area, as in the Dammersfeld, has been 
ittempted, but is a difficult task. * 

^' In explanation it should be noted that in mountain regions 
tjth a cool, humid atmosphere, which is unfavourable to evapo¬ 
ration, the amount of water taken from the soil is proportional 
^:tho extent of leafy liurfaC'i exposed to the air,-and to the 




piirface’of the croff^^of the tree® standing on the afea. . fliej 
Kgteater the amo^»f leaf-canppy, the more almospherie pre-,‘ 
Jfcipitatioh fallij^%n it is evaporated, and so much the less; 

’ reaches the ^^und. Broadleaved trees act in this manner 
i'jduring the season,^ growth, but evergreen conifers thronghout' 
^;the year. In ad®ion to *thi8, the absorptive action of the ■ 
|roots, and the power of transpiration possessed by Ihe^ foliage 
;^of trees must be reckoned, as well as the suppression of swatnp 
■'^moss by the cover of the trees. 

t Observations made between 1868 and 1871 at the douBle 
Bavarian meteorological stations, which are* in pairs—in the 
forest and in the open—show that according to the season from 
25 per cent, to 82 per cent, of atmosjdieric precipitation (rain, 

, enow, &c.), and averaging 26 per cent, for the whole year, did 
■ not reach the ground diroQtly, but remained on the crowns of 
■; the trees. In 1882, f autrat found that 20 to 27 per cent, of 
jrainwater remained oil the trees'in Alsace-Lothring^’:., Much 
' ef this water, however, drops from the foliage or .trickles down 
the stems of the trees to the ground. 

There are' certain localities—for instance, level land with an 
impermeable substratum and high atmospheric temperature— 
where swampiness of the soil is, on the contrary, increased by 
forests. In such cases, the rapidity of evaporation deiiends oh 
the unimpeded action of the sun's rays and of dry winds, and 
clearing the ground of forests will increase the effects of these i 
forces. < 

The action of forests, where the soil-covering of dead leaves','* 
moss, and humus is carefully preserved, in maintainingmoisture''; 
near the surface of the ground and protecting the soil from the, 
effects of insolation and drying wind, is very valuable on hot; 
aspects and steep slopes, especially in hot countries, where 
water may be thus stored in the spongy soil-covering. H-: 
hteady supply of water is thus maintained in springs on th§j 


hillside, while tlje absence of tree growth, on the other hand,' 
^lowB rainwater to drain* rapidly down and causes ffoodli; 
after heavy rainfall, and the watercourttes may run Dearlij| 
Iry during the hotter months of-the year. , • 

' Ibermeyer his proved by nujnerous observations that on^g 
(iisBvv ela-ff soil! the rnnt-wine of a soriice foi’eStiJrom 16 tO W 



pSties beifow tlie Burfaee, is niach dri..* --y.*v,„j,™dm^ 

:s®ne on' bare fallow land, the opposite being the case as regards 

the uppermost layers of soil, which are protected by'the leaf- 

^nopy of the trees from insolation and the drying action of 

■winds, while the moss and dead noedlos retain much moisK re 

. . / 

near the surface of the ground. Investigations in liusab by 
Ototsb;^, and in France by Henry, have confirmed this in the, 
strongest possilde manner, and for other trees besides spruce. 

/. Heamn. 

In countries with heavy snowfall, where the snow remains 
lying on the ground throughout the winter, the soil is wettest 
in the spring, after the snow has melted. 

In the south-east of England, the soil is probably wettest 
from November till llarch, but dries up rapidly after the 1st of 
March till July, owing to the scanty rainfall and the prevalence 
of dry east winds. 

3. Prokctire Rules. 

(a) In mountain regions, and in very rainy districts, such as 
the boggy parts of Ireland, where the formation jf swamps is 
to Im feared, forests should be njaintained and be completely 
stocked, and shadeboaring conifers are best for the purpose. 

The spruce probably exercises the greatest action in draining 
! soil, the superficial roots of this species acting like drain-pipes; 
, the Scots and Austrian pines are also very useful in suitable 
(.docalities, and retain a large proportion of the atmospheric 
.‘precipitations on their needles and branches. 

I (i) Marshy plants should be removed from the ground, and 
'•ip damp, low-lying places the circulation of the air should be 
-nykeased by clearings, thinnings, pruning and removal of 
•lii^growth. 

(c5 J^ll ditches and watercourses in forests should be kept 
ipen, and at least once a year should be cleared of water- 
slants, dead leaves and mud. 

(d) Mountain torrents should be regulated. 

Section IV.— DnAiNAOB. 

1 superfluitjf of water in the soil can be thoroughly rectified 
^nlv.bv drainage. Before, however, undertaking such a worfe 



|FtiioroBgh iiiquh'y should be made into all the bearih^^i dff 
iihe question, as extensive drainage-works, especially iu 
'jliountaiiious districts, may damage a wide tract of coun- 
try, and thus quite outweigh the advantages gained by‘. 
affording a larger area for forest-growth and an increased " 
yield of wood. Expei'ience shows that by draining swamps 
i|Dd moorland at high altitudes, the supply of moistare to 
the soil and atmosphere may become so reduced that forest- 
'ligrowth and agriculture suffer in districts lower down. This 
;calamity is esjrecially liable to affect older deep-rooted woody 
■ species, and woods accustomed to plenty of moisture in the 
^soil. Drainage causes subsidence of the soil, and thus the 
'toots of shallow-rooted trees such as spruce may become 
'exposed, while pedunculate oak and ash may become stag- 
■'headed, owing to their roots being loss supiilied with moisture 
;than was formerly t^e case. Before, theretoi’e, drainage is 
’'Attempted, the demands on moisture of the species growing or 


I'^feo be grown on the drained area should be considered. 

Neighbouring lands may also be affected by the lowering of 
itbe level of the underground water and drying up of the 
Jkurface-soil, which may have bad effects on field-crops. 

I'* If the drainage of mountain forests bo effected on a large 
fflcale, the distribution of atmospheric precipitation ma^ be . 
^altered; the drier air may binder the condensation of watery 
|vapour, and the formation of dew and clouds may be lessened, 
tjnstead of frequent gentle showers, irregular storms of rain 
Itoy come with disastrous ijesults. 

A further disadvantage is the reduction of the quantity of '-' 
Swater in brooks and rivers, by which timber-floating, water, j 
Icarriage and works dor utilising water-power may su*’’^®; 

where's 

g , Eeuss states that the harm done by ill-advised dram 
^ost apparent in. the Dobris mountain forests of the 
^ansfeld family; through the extensive drainage syt;^^^. iianj 
ffSO miles'in length, effected there between 1868 and „ ’jl 


Kprowth in forest and field fell off to such an r ^ 
Sacame necessary to fill up most of the drains, 
piountains alsOj in 1840, much harm was done,^jj^ 
^ve drainage, whilst the attempts made since tbi,. 





>!|be preselit eentilry to drain the peat-bogs in the Hanhovdriatt 
districts and to plant them with spruce have proved 
' extremely costly, and given such poor resnlta that they have 
now been abandoned. 

On the above grounds—the danger of drying up sources of 
useful water-supply, and the fear that benefits resulting from 
forest (Jrainage works may not repay the outlay involved—the 
construction of such works on a large scale is to be depre¬ 
cated, and the forester should not as a rule venture beyond 
draining small local swamps, wdi’ch may sometimes be ren¬ 
dered innocuous or even useful xvlien converted into fish ponds, 
%y excavating them or constructing a dam. 

■ From a general view, therefore, of the matter; it follows 



Fig. 269. 

( 1 . Vcrticid flraiti. k InqiFrmeablc stnit.uin. c. Vemieable stratum. 

that the, advantages of drainage are greatest and the dis- 
^advantages least for forests on fairly level ground, whilst the 
reverse is true for mountain forests. The advantage of 
draining swamps as regards sanitation, circulation of the 
;.air and avoidance of malarial fever, need only be referred 
kohere. • 

Tie following methods are employed in drainage 

1. Vertical drainage. 

2. Surface-drainage:— 

, (o) lly open ditche" 

(6) Kaiser’s method of drainage. 

Underground drainage by covered drains:— 

(a) By trenches. 

^b)' By glazed pipes. ‘ 

Jc) By,qrdiadry draining tiles. 





1. Verikal Drainage. 

Vertical drainage ie carried out by piercing an impermeable 
i^atum and Ibas allowing Ibe water to descend into a lower 
’permeable stratum’and be thus drained off. Onfe or more 
14)oring8 of sufficient breadtb should be made through the 
:|mpermeable stratum at its lowest point, as shown in Fig. 269. 

As an instance of the effects of vertical drainagi,, the 
planting of part of the Bagshot send district, near Bagshot, 
;^y Schlich (1890-1900), may he cited. Tho land was mostly 
ffat, with a pan 6 to 18 inches below tho surface. It formed 
i swamp, during winter, and was often very dry in summer. 
Ihe pan was bored through at tho planting holes with a; 
pickaxe, and Scots and Weymouth pines planted. This 
communication between the upper and lower strata of the 
■soil led to a complete drainage of the surface, and a fine crop 
‘of pine trees is now grbwing there. 

2. Surface Drainage, 
a. By Opm Kkim. 

i. Moijr wr LAYrsci out a Svsi'km df Dcains. 

ji'. The mode of laying out a system of draitfs depends on the 
future of the locality; On level ground and in valleys, a. 
•omplete network of drains ie laid out after the land has been 
.arefully levelled, and consists of main drains, leaders 
hders. ■ ■ “ 

' The main drain should run along the lowest part of 
■rea to be drained, necessary excavations being made to give 
t a uniform gradient between 0%5 and 1 per cent., and to 
onduct it into the neatest watercourse. 
iTbe leaders must carry off the water in the shortest diret^ij'i 
•Om the feeders to the main drain, while the feeders have t?; 
dllect water from the soil and conduct it to the leaders, tho. 
ireetion of which depends on the gradient of the ground,; 
Vhen thfe gradient is moderate, the main drains and leader^ 
'ipuld ran along lines M^eatest fall; if it is too steep, their* 
must 1)6 increasS by causing them to wind .or tend. so^ 
■■at the drainage water may not tvash away the be^tsiw 
3||';dpain^.,|^d'®“8e the .fonnation of„nlyij}e,0</^S^S 





•^u lor drams is from O'5 to 1 per cent., but sometir^ t 
'lie of the ground may necessitate a certain length of drain 
greater gradient. 

Tlie feeders should be oldiquely iucljj|ied to the line 
greatest fall in order to collect the maximum amount of wa 
from the soil, and they should conduct the water into t 
leader|, to which they may be either at nijht amjUs or ahliqu 

The former system, as shown in Pig. 270, has tile advanta 
of draining the largest area with the shortest length of dra 
Fig. 271 shows oblique drainage, and the more acute the an] 



'At' 


Fig. 270. Fig. 271. 

, Plans of drainage, h. Main-drain, s. Feeders. 

- between the feeder and leader, the less will be the area draii 
i-^y a given length of ditches. 

Thus d, ?), c,d> a,h,e,f> a, b, g, h. 

The choice of tlie angle between the feeders and lead 
“depends chiefly on the gradient of the ground, the less 
^gradient the more acute the angle; feeders the bed of wh 
^.gradually deeiiens as they approach the leader will be m 
I:; effective. ^ 

i?' Feeders can be laid out parallel to one another only wl 
fjihe griilents are uniform.' Figs. 272 to 274 show so 


AialnmvUn nt ai.n*na.l)ir CL lirr\/lli 





^Pproper interval between tiie feeders aepenas on 
p quantity of water to be draitied away, the configuration of th^ 
|ipouiid and the nature of the soil. The interval between' 
P^ny two feeders wjjl be inversely as the quantity of water in'; 
I' the soil. The looser the soil, the more easily is it drained.'.- 
On the average, according to circumstances, intervals of 16 to 




Fijf. 274. 
Plans of drainage. 


P yards may be chosen. In very wet land, the intervklj| 
tween the feeders may be reduced to 10 yards, whilst 004 
ier land it may be ejcteuded to 30 yards. ” 

„, A practical method of determining this interval is given byjl 
raeyer, as shown in Fig. 275. Cut a feeder A, and another B| 
R different distances from A till the water in the soil at thef 
Kniiddle point C between the two feeders falls to th'e 4i|th C 


.ivKmVl til 4sd VAnntfiid) i:/< ilrain. 




Water'percolating from a river should he collected’ as ne 
' rt as possihle by deep drains running along the river-side, a: 
; leading back into the river lower down stream. Overfl( 
irom a stream can’ be kept back only by the construction 



Fig. 27.'). 


embankments, as in the English fen districts, or along the riv 
Severn. 

On slopes, wate);, should be collected at the points of iss 
from the water-bearing strata, before it can form a swam 
Thus the water should be collected in a drain /,• k runuii 
along a contour-line on the hill-side (Pig. 276), and th- 
^ conducted down-hill by a leader A along the line of great( 



J). Chief feeder. A. Main drain. 


]}. Leader from a spring g, and u 
smal! swamp ^ C. Feeders. / 


^ outlying swampy places in depressions being ec 
^ ydki with the latter, '^erever the fall and the extent 
area 4o be drained are considerable, several such drai 

'YnoiT lui AAnaltiMiittAri -nnA ahnnA ftict AfVtat* 



sf When the gradient is slight and much water cOlleBtH 
flFig. 277) in a swamp, besides the main drain A, a few cohil 
:^nent drains should be cut, that lead into the main drain.^ 
"J^hey should join the inain drain at a very acute angle, so'l 
' that the passage of the water in it may not be interrupted, 
Anor its walls undormined by water from the lateral drains, 

. 

ii. Dimkn'sionb or the Drains. 

-j;,. The breadth of the drains depends on the amount of water ii 
*in the soil, the gradi^t of the ground, and the purpose of the ' 
f drains. The wetter the soil and the slighter the gradient, 

, the broader must be the ditches; the leaders being broader 
• than the feeders, and the main drain than the leaders. From 
■ 1 to 2J feet is a sufficient width for thS feeders, and 3 to 
' 6 feel for the leaders and main drain. 

The depth of the drains depends on the depth to wliich the 
dand is to be drained, and on the physical nature of the soif 



;ted subsoil. Clay requires a greater depth of drainage thani 
loam, and this again than sandy loam. In peaty soils, the!| 
iijrains should go down to the mineral subsoil. In practice)) 
depth of drains is usually half their width, and draining 
m too great a depth is prejudicial, costing in excess of th#- 
i^uirements of the case, and depriving the subsoil of resertr|| 
|fater which will be required by the trees during dry weather;| 
: Jhe amount of water on the land during summer, not in earlyj 
Spring, should be considered in fixing the d^h of drains. 

; The slope of the sides of the drains depends on the degree,? 
'iff Coherence of the soil, and on the gradient of the drain 
jjtihe looser the soil and the steeper the gradient) the gentlep| 
^ust this slope he. In Fig.'278, a is one meter, md the glaiw 
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nay be f on peat, 1 on clay or stiff loam, IJ on sandy loam, 
J-^3 on sand. 

The main drains may be provided with sluices at suitable 
)Iaees, so that they can be closed and the drainage stopped 
luring dry seasons. 


iii. Timk roR Drainino. 

Drainage should precede planting by a few years, so that 
ihe ground may become sufficiently dry and may settle down ' 
)efore the plants are put in; a dry period of the year, e.jj., late 
lummer or autumn, should be chosen for the execution of the 
vork. 

iv. MrthoJ) of Diooino the Drains. 

Operations should be commenced with the main drain at 
he lowest part of the land, in other respects the system 
dready described for digging boundary-trenches should be 
ollowed (p. 18). The earth removed from the drains should 
lot be placed too close to them, as it may then be washed, 
lack again by the rain; it should be used for filling-up, 
lollows or spread evenly over the surface of the ground, 
fhich is beneficial in wet places by raising their level. After 
he main drain has been dug the feeders and leaders should 
ollow. It is most economical to give the work out to be done 
•n contract. ' ■ - 

V. Advantaoes of the Method. 

!fhe advantages of the method of draining by open ditches 
fhen compared with closed drains are:— 

Cheap execution. • “ 

Ready discovery of places requiring repair, and cheapness , ' 
of repairs. 

Its disadvantages are 

Loss to the fqpst growth of area occupied by the ditches. 
Difficulties iirlransport of produce. 

Liability of the ditches to damage by men, cattle, etc. , , 
Too complete and rapid removal of water. This m^ 
cause temporary injuries for want of moisture ift the 



I' The loBs of area taken up in open drains is not 
impractical importance in forestry, and provided care he taketij 
. about the number and dim’ensions of the ditclies, the othe^ 
disadvantages of the method may to some extent be avoided.* 
',;In mountain forests, where the enow is long in melting, and 
^ which are subject to unusually heavy rainfall, a system of 
^ open drains along the line of steepest gradient removas such!' 
, a large volume of water from the forest, that this method'^ 
which is usually employed, especially on peaty ground, where 
the flowing water in the drains cuts into the land below, is of 
doubtful expediency. Under such circumstances the following 
; method is preferable j— 


li. Kaiser's Mellwd of Draiiioffo. 


The principle of Kaiser’s* method of drainage consists in^ 
avoidance of the direct removal of the water from the forest 
and yet in a complete, drainage of the wet land. 

This is effected by the lowering of the water-level by means 
of a number of interrupted drains [colkcihu] trenches) dis¬ 
tributed uniformly over the area to bo drained, combined with 
a system of taall ditches widening out laterally. 

The collecting trenches are 1 to 2 meters long, abou 
1 meter deep, and 1 meter wide, and are dug horizontal!; 
.along contour lines. The lateral trenches, that unite thes 
collecting trenches, and the dimensions of which correspoHi 
to the depth to which the water-level is to be reduced, are i 
right angles to the collecting trenches. 

' The following reasons are given in support of Kaiser; 


sa^od bf drainage 

jii In every case too rapid and complete drainage; with l| 
injurious consequences, is prevented. 

ii. The degree of drainage required by the proposed pla| 
tation is completely under control, as t^^teral drains i)| 
dug only deep enough to reduce the watW-level sufficieni^ 
|ghe water removed from the soil and from the spoil-he*(| 
ttat^ remain alongside the collecting trenches fills the la® 

*. KftisAr. BeifcrjutA tmr PflnaA 



the lateral drains only to the same h'eight as the latte 
;. has been reduced in the remainder of the area. 

^ iii. In the first place, evaporation over the whole area i 
increased by the action of the sun and winds on the expose 
water in the collecting trenches. In the second place, th 
surface having become drier and warmer by the drainagt 
increases the evaporation, and favours the capillary ascent c 
vyater from the sub¬ 
soil; it also warms 
the air near the sur¬ 
face of the ground. 

. , The results of this 
process must be 
favourable to the 
*growth of |ilantB. 

By the gradual dry¬ 
ing up of the surface, 
peat-mosses and sour 
grasses disappear 
and the chemical and 
physical condition of 
the soil improve. 

The formation of 

■ peat ceases ; the de¬ 
composition of the 

humus becomes 

■ T 279.—Kaisov 8 method of drainase. 

normal. Lichens 

disappear from the stems. Danger from frost is diminished 
Annual shoots, hitherto short, become longer. The waterj 
thus utilised for the service of the forest. • ' 

;; Tlffe above method was tried in 1883 and subsequdii yeait 
'in the Bavarian Royal forest of St. Oswald on peaty areas 
it is represented, in Pig. 279. The collecting trenches werj 
dug in depressions and other places where the peat wai 
/ wettest. The lateral feeders were 30 to 45 centimeters wi^ 
and 'deep, quite deep enough for young spruce to becoim 
rooted above the subsoil water. The excess water was eOn; 



ducted from the collecting trenches by little trenches a fe| 




^Iveyei il lower " down. If such a watercourse dSs*^^^ 
^st a drain must be dug to receive and drain' away the ' 
|urplus water. The system of drains gave admirable results, 
|md the cost was 128. per acre, that of the upkeep per acre, 
■$t. annually. 

r The cost of open drains in Genuany, in 1883, was about 
^8. per acre, but the extra cost of Kaiser’s drainage is ipcon- 
iiderable when compared with the superior benefits obtained. 

I The only objection to the method consists in the fact that 
'ffie collecting trenches—at least in depressions—form so many 
Tittle fi'ost-boles, that increase local danger from frost. 


3. Covered TJraius. 


a. Tmiclm. 


i. Mmion ok ConB-riaiorioN. 


Underground drains are usually made as in Pig. 280. 

The trenches should be about one foot broad at their base, 
IJ to 2J feet deep, and with a slope as steep as the nature of 



Fip;. 280 —Auction of a drum. 


^ 0 , lAyes of atonoe. 

■ ^ 


k Layer of brauelies. c. Layer of eartb. 


pe soil will allow. The trench is then half filled with 
which are covered with brushwood, reeds or sods, and the top ’ 
p filled in with eauth. 

b .,Another method is to cover the base of the trench with ' 
cines or tied bundles of green osiers, branches of alder,' 
bplar or shrubs, which are used immediately after they have, 
, cut. The.vacant spaces between the fascines along the| 
^S.ef the. trenches are filled up with moss, and the wh«fe^ 



f'ciovered with earth, as'hefore. This mode of drainage, kiiowit 
to the Bomans, was introdiiceii into England by idlkington, 
and was much pj-actisod until 1820. It has the advantage ol 
preventing excessive drainage, and may serve its purpose in 
places to be planted up, until the roots of the plants can 
themselves drain tho soil. /• 

* •' 

ii. Diiimin.riv. 

Brushwood-drains when the fascines are of alder branches 
will last from 8 to 10 years; tlioy rot sooner on calcareous 
soil and last longer on (day. As, however, the plants once 
forming a thicket themselves drain the soil, and by tho use of 
fascines too much water is not removed, this method is highly 
' advantageous. ' 

Drains made with stones may last for .50' 3 'ears, and are 

therefore preferable, unless temporary drains are sufficient for 
• tho luirposo. 

iii. Vali'k (If TiiK Metudii. 

Owing to the high cost of this method of drainagts it is 
used only for permanonBy wet ground. It is also largely 
employed for cnlreiis. to lead water across roads. 

! 

b. Glazed or Oeimil Drahi-iil/wii. 

Drain-pipes made of glazed burned clay or cement and of 
mdous dimensions are now generally used for culverts; they 
Aiite the advantages of rapid drainage and facility for* l)eing 
deaned, with that of great durabilit)'. 

c. Drainiiif/ Tile». 

i. OltsCUlPTION. 

Draining tiles are cjlindrical tubes of burned, clay with a 
jircular section. They are generally 1 to feet long, I to | 
inch thick, and their apertures to inches across. A 
jood draining tile should be well-burned and smooth withip(j 
it should ring when struck, show a clean uniform fracture, 
stand sudden changes of temperature without cracking, ffti 
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IsiliJ Tvater. The clay used for these tiles should beiaiirl^ 
pure, and contain no lime nor coarse grains of sand. The| 
larger tiles are used for main drains and the smaller ones for I 
collecting drains., 

ii. Laying niis Tiles. 

Trenches for the tiles are similar to those in use for^open 
iftrains, their dimensions depending on the nature of the soil; 
’fiheir sides, however, should he vertical; the main drains have 
a fall of 2 in 1,000, and the collecting drains a greater fall, • 
md should he from 30 to 80 feet apart according to the nature 
)f the soil. The shortest distance for collecting-drains is 
jhosen when there is much suhsoil-water in stiff clay or in very 
Bne.m-ained soil with great capillarity; in fact, the looser the 
soil, liie fnither apart the drains should he. 

The depth ol the collecting-trenches should he from 3 to 4| 
feet, and at least ^ feet is necessary in cold climates, to 
prevent.damage to the tiles hy frost; the main drains should 
somewhat deeper. 

'[■ After the trenches have been dug, which for very wet soils 
should be in fine w’eather and with as little delay as possible, 
the tiles should bo laid carefully, beginning at the upper end 
bf the drains, and placed end to end at the botjj|m of thp 
trenches; or, it the soil be loose, on a layer of may or on; 
■flat roofing tiles, which will give the bed of the drain an even' 
^ladient, to which .much attention should he paid. Brown* | 
recommends placing a layer of stones under the tiles, in which; 
ordinary drainage-water may rim, while its level will rise toj 
H^t of the pipes only when the soil happens to be exceptionall|^ 
mI. This is because the rootlets of trees are attractec| 
pwards wet substances in the soil, and will therefore brapiiS 
l^^ly among the stones and'yet not block up the pipes, whic^' 
fare usually dry. Brown also advocates placing a layer of claj^; 
over the pipes, so as to keep the upper rootlets from geltinf 
f'into them. 

i' The size of the aperture'of the tiles depends on the degree. 
^ wetness and capacity of the soil; the more water there S 
be 1 ‘emoved 'and the greater the danger of the tiles becomi™ 








|roic'iy%ifli ‘ eoil!,‘tile‘larger the apfertfiFeof the tiles, and @ 
wady soil it should be at Jgist two inches. . 

After laying the tiles, •vrach should bo done in dry weather,,, 
tnd as rapidly as possible, the trenches are filled in with 
)arth,,and Ihb gi'eatest care should be taken, especially when; 
ihe soil is stony, that the pipes are neither broken noff) 
lisplaced. 

yi. DuiIiBtLITV. 

The durability of the drains depends on the nature of the ’ 
ioil, the quality of the tiles and the care taken in executing', 
ihe work. Well-burned tiles at de])ths of 3 J to feet should 
last for 25 yours and more; for instance, draining-tiles laid in 
1850, in the Prussian Crown Pstates, were in good order in,'* 

1880. ... i 

The cost of draining with tiles is about ,£8 per acre, and* 
this is, of course, prohibitive for purely forest w'ork. 

(1. (kmfmrmn of Draimnij-Tiks tri/h Opmi Drains. 

Drainage improves soils by lowering the level of subsoil' 
water, and exposing a larger area of the soil to the influene^ 
of atmospheric air, thus rendering it warmer and accelerating! 
the decomposition of humus. As compared with open drains,,/ 
draining-liles waste no productive area, are less subject tq,| 
damage and drain the soil better, and their use is highly^ 
advisable in agricultural lands, but in forests they are much^ 
more costly tq, lay out than open drains, and they easily; 
become choked by the rootlets of trees and of weeds such as| 
EqmseMm, Armido, etc., and also by frogs’ spawn. Deposits 
iron-ochre may also be formed in the pipes, and they 
become filled with sand. . j 

Experience has shown that in forests all-the disadvantage!- 
of draining-tiles occur more frequently than in agricultural! 
lands, and they can be profitably used only in forest nurseries, ? 
or for bad forest meadows. The production of hay in meadow^! 
may be increased 25 per cent, by good drainage, and t^^ 
quality of the hay is also improved, 



CHAPTER IT. 


PEOTECTION AGAINST AVALANCHES.* 

t 

]. Oriffin.' 

Avalanches are caused by the loosenin" and fall of massef 
v,f snow or ice on steep smooth slopes in tnonnlainous regions 
they may consist of loose or nias.sive snow, or both combined 
or of ice from broken glaciers. 

rt. Avalanches of Loose Snow. 

These are locally teniuid Sianhhwineu, and occur in 
.ISovember, when tine dust-like snow is falling; they are, dnt 
to great steepness of the uionntain sides, or to overhanging 
masses of snow falling on to rocks, the snow being separated 
into dust during its fall. They are of rai-or occurrence than 
fether avalanches and seldom cause any damage. 

b. Avalanchn of Mnssire Snow. 

Movements of the upper layer of massive snow, termed 
Obcrhimeu, occur chiefly from December to February, when 
thick layers of fresh snow have fallen on to ^Id frozen snow, 
and become so weighty that they can no longer rest on the 
smooth base beneath them. 

c Growid Avalanches. 

? When masses of snow which extend down to the surface of 
the ground, roll or slide down a mountain side, they are 
termed Ormdlawinen, and are extremely dangerous. They 
generally fall towards the end of winter at midday, during the 

melting of the snow, and when a or south wind, is 

■ ■' , ' ' ■ ( 
fc?.LMidolt, ^1 “Me Baehe, Schneelswinen a. SteiaacMSge." Zurich, 188t| 
^aclc, Vtocei^'V Bie Lswinea Owtoteiehs ubd dar Schwelt? anil'..5111(4 
Vtwiangea.v. 'yiatihii iset,- 



frequently during a These ere the 

Wmmonest and most dangerous avalanches, and leave tracks 
which can be readily obsoil^ed, as they occur over and over 
■again at the same places. 

d. Glacier-Avaimuhes 

Consist of broken fragments of glaciers. 

The following remarks ai)ply only to avalanches of massive 
snow and ground avalanches. 

2. I><imn<ie done. 

The damage done to forests by avalanches consists in the 
breakage of ail woods lying in their way, and in the obstruc- 
tion of streams and roads which they cause. The rush of air 
that accompanies an avalanche is so great that it breaks 
many trees up to a distance of several hundred yards from the 
avalanche. Many ibex arc* also killed by avalanches. No 
forest can withstand the rush of a, large mass of snow down 
the mountain side, and the higher, smoother and steeimr, and 
freer from wood a mountain-side is, the greater the danger 
of avalanches, and the greater tlie rapidity with which they 
fall. ^ 

A high soil-covering of hill grass affords considerable 
protection. 

In the winter of 1875-76, in the district of Ragaz, of the 
Swiss canton Graubunden, 500 avalanches occurred, and in 
the.district Schuls of the same canton, 381 avalanches. Tlie 
winter of 1887-88 was also distinguished by the number of 
avalanches which fell —1,091 avalanches, chiefly between 
February and April, of which 871 (80 per cent.) extended to 
forests. On an area of 3,300 acres, 2,870,000 cubic feet of 
'timber was broken and uprooted. The damage done by the 
.avalancti.es was valued at 1;17,220. 

Austria, during the winter 1887-88, damage by 
Savalanches was done to the extent of ii:28,000. 

3. Protective Cultural Meamres. 

[a) The surface above the kee-limit should be fixed 
fsiiwina urass. In order to afford a sufficient obstacle to the 



IBXKiing aown oi fflrftiow, the grass shonia be.moSWIIl 
leave a high stubble.' 

! _ (i) All shrubs, such as rhodoaendrons, green alder, dwarj 
■birch, etc., should be preserved carefully on steep slopes. ;f 
; (c) The forest must be maintained up to the tree-limit an| 
Ahis is the most important rule. Forests which ser4 td? 
:protect the country from avalanches are commonly found ii 
Switzerland the Tyrol, and the Austrian Alps, and must be- 
.properly managed so as to secure the object in view. 

.The best s])ecies for such forests are Piiim Gemhm- 
P. Moutma, green alder, larch and spruce. The mountain’' 
pine and alder resist the snow action splendidly Spruce' 
grows up to an altiludeof H,000 feet. Beech and sycamore form 
useful mixtures up to 4,600 feet. The Selection system must- 
be adopted, and all gaps should bo at once planted up. 'Whoii 
a new forest is being formed, sometimes sowing and sometimes 
planting should be preferred. In stony, shallow calcareous 
soils, pit-sowings are made under the shelter of stones, rocks," 
dead branches stuck into the gi-ound, or of logs fixed by’stakes! 
all of which protect against the sliding of the snow. In places 
where there is deeper soil, in depressions, etc., multiple- 
planting with three and four plants should be tided. The cost 
varies from £5 to ;£8 per acre. Production of wood* is of 
secondary importance in such forests, and, as a rule, only 
dead and broken wood should be utilised, and the stumps 
should then be left in the soil, the felling being high above'' 
the ground. Thickets of young wood must be carefully; 
thinned. Neither removal of litter nor pasture, more especi?! 
ally that of tlie destructive goat, should be allowed, but;i 
unfortunately, in such places browsing by goats is only toJ 
common, and the tree-limit is being continually lowered. 


4. Protective Works. 

': Protective works consisting either of ditches, rows of watl 
fences at walls should' be made above and below ths 'lii 
jhete avalanches begin, which, is easily recognised 

|ndden chmi^ in the gradient of the slope. - " 

,di^e8;;’ 6 -lio. 



all over the area, being Irranged like the?' 
'ftttie-fenees in Fig. 281; their construction on very steep 
lopes is evidently not unattended with danger. 



Fig. 281.—I'lnii of fences for protection ugninsl. iu,Blanches. 
<! h. Mnc wliero the avalanclo's comnienetf. c. Fences. 






rocky slope, which may afterwards be sown with >;fa|s, 
planted with trees or shrubs. ,3 

(f) On Stony f>rotind, walls of dry masonry may bdl 

erected instead of wattle-fences; tbeir mode of construction if;; 
shown in Pig. 282. On steep rocky slopes, the rock must be cpj 
to .admit the foundation of these walla, but this need only bSj 
deep enough to prevent the walls from falling, owing to thlij:; 
own weight. Such walls have proved effective in the Swiss,,, 
cantons, Uri, GranbUndeu and Wallis, and cost 3*. to 6s. per'i 
cubic meter. Confidence in them was greatly disturbed by ■ 
the damage since 1867, done in 1887 88. ' 



Pig. 2S3.~>Saudhill vitli muiTaiii gr&us. Iloikham. 






CHAPTER III. 


PBOTECTION AGAINST SHIFTING SAND.* 

HDER the term shifting sand is meant a iine-grained sand 
i aining so little clay or humus that when dry and the soil 
i adly covered with vegetation, it is set in motion by the 
wmd and blown from place to place. Shifting sand is generally 
found on the sea-coast, but also in the interior of countries. 
As the productive forest area becomes rapidly reduced by the 
spread of the sand, the evil must be promptly and vigorously 
,met. 

Section I.—Sand Dunes. 

1. Ikscription. 

Sand is thrown up by the waves along the sea-eoast at high 
tide, and becomes under certain circumstances heaped up into 
hillocks, or dunes,'und is then carried further into the interior 
the country. Vasselot de Eegn6 states that the grains of 
sand on the Gascon coast arc too large to be carried like dust 
before the wind, but are rolled up the slope of a dune and fall 
over its ridges, so that the duno naturally attains a slope of 
vabout 25” towards the sea, whilst its slope inland is generally 
^^teeper, and may attain GO”. The sand is blown away from 
ithe. ridges or from any eminences in the dune, however slight 
v;fbey may be, and is also carried through depressions made in 
.a ridge to the further side of the dune. Two forces are at 
iwork on the sand—the sea-breeze which prevails during day- 
jlime and drives the sand inland, and the land-breeze by night, 
l^hich finds the sand firmer owing to the dew, and is not so 
effectual in blowing it back as the sea-breeze is in blowing it 
porward. 

4 Wesaely, JosSt, “ Der EuropSiseho Flogsaud n. seine Oultur.” W'ieii, 1873. 
SfNotiee snr les Dunes de la Coubre,” i>ar Vasselot de Paris, Imp. Nat.,, 

“ La D&e Littorale," par C. Orandjean. “ Revue'des Eaui et KorSta." 
pWr-December, 1887. Lehnpfuhl, “ Diinenwandetung und Wncnwald ” 
Kl^deoer Forstlicbe Heft," '2 Heft, 1892, p. 88). 



On the coasts of t*he North Sea and of the Baltic,'m®i1i 
Schleswig, Jutland, and in the Baltic islands, and along j® 
western coast of France, from the lie d’Oleron to themoutfel 
the Adour river, sand-dunes cover extensive areas, and ' 
effective measures were taken to fix them, large traete’ j^ 
cultivated land were buried in sand. Along the coasts of 
and Fiast Prussia, for a'distanee of IfjO miles, dunes.extend 
a breadth never less than one-sixth of a mile, and unless th'ej|| 
are fixed they encroach inland yearly by 50 feel. The area of- 
European dunes is estimated at 21,000 square miles. 

The coasts of the British Isles consist chiefly of rocky cliffs,-; 
but sand-dunes are found in Norfolk, Bomersetshire, Lanca¬ 
shire, Elgin and other jflaces along the coasts of Groat Britain.' 

The dunes along the Bay of Biscay in the French TMparUi 
merits dcs Landes et de la Gininde extend over a total length of 
140 miles, forming a series of parallel ranges about 160 feet 
high and 4 miles broad. During the constant political trouble| 
of the middle ages, the natural forests of maritime or cluster 
pine {P. Pinaster, Boland.), which formerly covered this area,’ 
were burned and destroyed, and the sand invaded the countrji; 
at the rate of GO to 70 feet annually,, covering whole towns and 
villages, cultivated fields, and vineyards. The passage 0^ 
watercourses to the sea was interrupted by the aecumulakd; 
sand; a desolate malarious region, called Les Landes, resulted.’ 
SwampS and lagoons of brackish water alternated with vaaf 
tracts of arid sandhills, where a few sheep pastured, tendeff 
by shepherds on stilts. 

Li 1787, the engineer Brfimoiitier published a 
showing that the dunes could be fixed by sowing sand-g 
and pines, and the work of fixing the dunes of Gascony wa| 
commenced in 1788, and has been continued with completl 
success up to the present day. In 1810, the French Legisl^ 
ture passed an Act enabling the State to fix dunes belongitti 
to municipalities and private owners, by means of plantatiop.^ 
the owners only recovering their property after paying tffl 
cost of fixing the sand. This they have only rarely been 
to do, owing to the great cost of the operation c®pared w|H 
the vatue’"of the reclaimed land. 

About 800,000 aere4 have thus been dealt with, the ahOM 




pharge for hew work and for maintaining the dunes which have,:; 
5;been already fixed having IKeen J;8,400 in 1893. In this way ’ 
I'vast areas have been saved for agriculture, and enonnons ’ 
^tracts of pine-forests created, which afford work to a large. 
number of people in the extraction of resin and turpentine 
from the trees, and in timber-works, the pine-forests of the 
Landes now exporting about 600,000 tons of pit-timber to 
Great Britain annually, besides large supplies of timber and 
firewood for local use. 


2. Gonslructiim of a Littoral Dune. 

As an embankment along the coast prevents the wind from 
driving the sand inland, the chief point to be secured is to fix 



a. Tho Lion Dune. 



ft. Tlie Por«^ Duue. 



e. Tho Perrot Dune. 


Fig. 284. - 

the sand, so as to form what is termed the littoral dune, the, 
mode of construction of which is as follows H 
Two parallel fences are erected along the coast, between an4' 
on both sides of which the sand accumulates, the fences being 
^adually raised till the dune has attained such a height that, 
only inappreciable quantities of sand are blown over it. 

The fence facing the sea-is a continuous line of paling, from- 
800 to 600 feet distant from high-water mark; it is made of; 
inch planks 6J feet long, 6 to 8 inches wide, which are pointedi 
below., They are inserted to fths of their length into the sandi'i 
and 1 inch apart, to allow sand to blow through. When th^ 
has nearly covered tlie planks, they are raised three feel 







by means of levers worked by one man against the next ^ 
raiwd plank, or by a stout rod passed through a chain fastened,| 
round , the plank and lifted by two men. This operation is 's 
repeated until the proper height of the dune is attained, which 'i 
Grandjean places at 10 metres, or about 38 feet. 

The back fence is usually made of wattle-work and prevents 
the sand which has passed through the front fence from being 
carried inland, and gives a proper contour to the dune. This 
fence is replaced by a new one when it has become covered 
with sand. 

The preceding diagrams (Fig. 284) taken from Grandjeans’ 
work represent the ordinary sections of the littoral dune, and he 
considers b and c preferable to a, as being much easier to 
maintain. They have slopes of 26'’ or 27“ facing the sea, which 
corresponds with De K6gn6’s natural slope of the dunes. 
Grandjean, in the woHj already referred to, gives full and 
satisfactory reasons for the height and gradient he prefers fort 
the littoral dune. 


3. Material for Fixing the Sand. 

The littoral dune can never be planted with trees, on account 
of the salt spray of the waves and the strong sea-wind. In 
certain places in Holland, masonry works and piles have been 
ierected to protect the dune, but as a rule flexible plants are 
imuch more effective than rigid and costly works. Attention is ■ 
therefore directed to sand-grasses and sedges, and the best of j 
these for the purpose are- 

Sea marram, or matweed {Psanma armaria, E. & S.); 

Baltic matweed (P. baltica, Schrad.); 

Sand lyme-grass [Elgnm arenarm, L.); 

Sand sedge (Carex arenaria, L.). 

All these plants are characterised by very long, much-divided 
frnizomes, and can withstand being covered over and buried in, 
Jsand. The sea marram will grow only where it is continually 
‘'covered with fresh sand, and dies inland in the shelter of the, 
filittoral dune, when no fresh sand covers it. It is termed 
^t^owrbet in France, and is exclusively used for fixing the littortd 
Mune alone the Bav of Biscay. Next to the marram m r«t4 



P'^fiiingllie’sand comes the lyme-grasB, and these two species 
|re chiefly used for the purpose in Holland. 

1'^Other plants grow in gradually among them; at first lichens 
and algae, then grasses, as for instance Arenaria iiephidm, L., 
difti eaneneenSf'lj., couch-grass {Agropyrum rrpens, Beauv.), 
and other plants, such as the sea-poppy, Glaudim luteum, 
Scop. maritime, Bigcl; and Ilwradum umhdhtmn, 

L., etc. Vasselot de E6gne gives a very complete botanical 
list of dune plants. 

Several shrubs then appear on the land side of the dune, as 
Salix Tcpeiis, L.; sea-buckthom {Hippophae fhamnoides, L.); 
Lycivm Imrharum, L.; Tamarit, etc. 

4. Maiiiteimnce of the Littoral Dime. 

When once the littoral dune has been raised to a proper 
heighf and profile and fixed by means of sea marram, it is 
^ecessary to maintain it constantly in the same state; any 
undue accumulation of sand in any part of the sea side of the 
dune at once causes an inland draught of sand on both sides of 
ilr, which if not at once attended to will breach the dune. 

Men termed ghrdes cantouimrs are therefore stationed along 
the littoral dune in Gascony, who cut away all vegetation except 
the marram from its surface facing the sea, in order to prevent 
undue accumulation of sand. As the marram grows readily 
from cuttings during the colder six months in the year, the j 
workmen who cut it away from ridges plant it in depressions,' 
or if the season be too hot or dry for the cuttings to take root, 
the pieces cut from ridges are merely placed on depressions. 
In this way, by cutting away the marram where it is too dense, 
and planting or placing it in depressions, the proper contour 

the dune is maintained, as the sand accumulates behind the 
parram, and is blown away wherever the latter is cut*. 

In cases where the dune has been neglected and large 
depressions have been formed, it may be necessary to use - 
little fencing to cause an accumulation of sand, but if ordinary, 
care be taken, the marnlm grass will suffice to keep the littorsJ ; 
dune in good condition, and Grandjean believes that new 
httoral dunes may be formed by means of it, without using the ^ 
fences described in section 3. 



5, Protective Coast Forest Zone, mder tJic Shelter of 
the Littoral Dune, 
a. Dfsaiplkn. 

Under tlie shelter of the littoral dune, a protective zone^ 
of various woody species mixed with gorse, species of genista, 
heather, Tamarix, etc., is then allowed to spring up;, tat is- 
generally planted or sown artificially. 

The species chiefly grown near the Baltic coast is the Scots 
pine, over 8,000 acres of this species having been planted nearl 
Dautzig between 1795 and 1850. 

In Zealand, the undnata variety of the mountain-pine 
(Pinns vwntam, Mill.) has been used, and its great success i|. 
due tp its indifference to soil and climate, and its habit, of 
retaining its lower branches green for long periods. In h'rance 
the' cluster pine is chiefly used, but it is liable to be frozefi when 
grown too far to the north. 

Spruce, birch, or white alder may be mixed with the pines, 
and in South-west France pedunculate oaks and Q. Totza, 
D.C. In depressions, the common alder, poplars, and willows 
m’ay be grown. 

The different varieties of Pimm Laricio, Poir., and especially 
the Corsican variety, maples and the silver poplar, are well able 
to withstand the force of the strong sea-winds. 

As a rule, the growth of protective forests near tile sea coast is 
poor, on account of the strength of the sea breeze and the poor 
nature of the sand in which the trees grow, and which is being 
constantly heaped over their roots, but protection and not timber 
is required in a zone extending from 600 to 2,000 feet beyond 
the littoral dune, and which if left linplailted would be a bare 
sandy tract tending to spread inland and itan existing forestsj 
In a doast-protection forest, short terminal shoots, procuin* 
rent stems, one-sided crowns and a leaf-canopy sloping down 
leawards, are evidences of the struggle these woods carry o^ 
with the wind, but it is a forest all the same. 

The eonditions of growth greatly improVe as the distanis^ 
!rom the sea becomes greater, so that further inland, e8peciall| 
f the sand contains little flakes of mica, even superior species 
mch as beech or silver-fir may be grown, as in Alsenm^ 
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;',m Schleswig. If, in any part of the protected zone, a shelving" 
^eliff of sand unprotected by vegetation is exposed to the wind;, 
fit should be covered with branches of pine, gorse, broom, etc., 

’ placed like slates on a roof, and some sand-fixing grass sown 
io prevent the sand from being carried inland. 

b. Meffwii of Funmlion. 

The ineq ualities of the ground should first be levelled in order 
to afford the wind as few points of attack as possible. Sand¬ 
fixing grasses should then be sown or planted, the former 
method being followed in Franco and the latter in (lennany. 
Pieces of the grasses should be planted in rows at right angles 
4o the direction of the prevalent wind, holes being made with 
a spade 1 foot to ‘2 feet apart, and three or four pieces of rhizome 
planted in each hole so deeply that only about 6 inches of them 
appear above the sand. They soon sprout and send out suckers 
in all directions through the sand, which they fix most' 
effectually. 

The cost of fixing sand with grass is that of 70 to 140 days’ 
work at 3s. a day, averaging ^15 an acre. In Prussia, long- 
rooted yearling pines are then jdanted 1 foot apart in rows 
distant 8 feet from one another. The work is done with an 
iron dibble, so as not to loosen the sand unnecessarily. Moun¬ 
tain-pine is the best species in the north for fixing the sand, 
other trees being eventually planted between the pines? 
Cuttings of poplars or willows may be also planted. i 

In fixing dunes along the Baltic coast, Prussia spent £3,100 
a year between 1884 and 1887, during which time 230 acres 
were fixed with grass and 608 acres stocked with trees. This 
•is now being continued at an annual cost of £5,000. 
i The planting is usually effected under the protection of the 
littoral dune, and pine forests in the protective zone are then 
managed under the Selection system, and broadleaved species 
fare coppiced. 

v'./In the Danish island of Zealand, up to 1866, sowing was pre- 
l^red tp planting, the sand being previously covered with a- 
thin coating of loam which was placed on the ground in heaps 
^in the autumn, and somewhat weathered by the winter’s frost' 
^fcre being spread over the area in the spring. 



In France the clueter pine is sown witti other seeds in' ta® 
ollowing proportion for an acre 

Cluster pine seed. . . .26 lbs. 

Furze or gorse . . . . ^ „ 

Genista. ^ „ 

Marram grass . . . . 2^ „ 

Seeds to attract insectivorous birds 2^ „ 

As the seed is sown, it is covered with 1,000 faggots, 3 feetj 
n girth and f) feet long per acre of furze, broom, heather olj;' 

pine branches, furze being; 
preferred wherever it is. 
available. The faggdts are;' 
evenly distributed overthj ' 
.area and opened out, and' 
the sowing is then com-.' 
menced'on the land side, 
towards the littoral dune 
under protection of a. 
wattle - fence intended to 
keep off the sand blown, 
back by the land breeze., 
Each row of seed is covered i 
by the branches, which are;; 
placed in rows with their; 
lower ends towards the sea,; 
so that each succeeding rovf; 
of branches partly coverfi 
the preceding one, being’; 
arranged like slates on fi|l 
roof and kept steady by; 
spadefuls of sand thrown on them at intervals of 2 feet. J 
Areas of about 300 feet long by 60 feet broad arelhus 80 i^ii| 
it one time. Between 1862 and 1874, 5,200 acres were thn« 
sown in the (^ironde at a cost of i30,646i 



Fig. 2S5.—pAawjHiT nrmim, Boauv. 
a i Surface level of ground, r Klmonios. 


e, Tending the Woods. 

The sand grasses used in fixing the dunes must not he cp| 
or pastured. The water rat and the larvae of PolyphylkfuUM 
L.t are the moal damrerona enemies In Ihe crass rbisomearSa 
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|,Dune forests must be strictly protected against grazing, 
^moval of litter and trespass. Article 366a of the (lennau 
|!lriminal Code punishes contravenciou of police regulations 
’regarding dune forests with lines up to £7 10*., or imprison¬ 



ment, and in Holland, four weeks’ imprisonment is inflicted 
for cutting grass on dunes. 

Only dead or dying wood should be removed from the dune 
forests. 

’ ‘ d. Addmk. 


[, The best English example of the fixing of shifting sands 
is on the Holkham sand-hills, on the Norfolk coast, belonging 
w the Earl of Leicester, where, siuce 1850, sea lime-grass and 
barram have been used to fix the sands, and several species of 
planted, of which the Scots and Austrian pines have 
proved most successful. . The trees are planted widely, as 
|)inning8. would be injurious, unless lop and top were 
amoved, owlpg to danger from fire. Now that the grass 
I kept down by the trees, fires are rare. Extensive planting 
5{, sand-hills has also been done in Bouth-west Lancashire, 
l^ts, Austrian and Corsican pines, as well as alder, birch, 
^arisk and other plants, being used. Rabbits are the chief 
ganger to these plantations, being very common on sand-hills 
^Ong the coasts of Great Britain. Unless they are extermi- 
! is littlfi hope of fixing the sand.,, 
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‘ In India, along the Madras coast, extensive planlatiohs bf^ 
Camarilla eqnmujolk, Forster, have been made, and grow 
with extraordinary rapidity, yielding excellent fuel. ■’ 

In the Caiie Colony, shifting sands are sown with cluster' 
pine and Acaeia PymanthamA decmrens, the seed being mixed-, 
with rye seed, as the rye protects the seedlings. A layer of 
town refuse is first spread over the sand to assist in fixing if; 
and serve as manure, ten tons to three acres of sand. 
Cvpiv.mis maavcarjia, Gord., and Pinm Ilakimm, Mill., do 
well, also robhiia. 


Suction II.— Inland Sand.* 


1. Description. 

id sandy tracts generally originate from sandy hills, and- 
are due chiefly to the clearance or careless management of 
forests, and especially to removal of litter. Extensive sheep, 
pasture on heather-land also readily sots sand in motion., 
Large tracts of shifting sands are found in Hannover,-; 
Oldenburg, Pommerania, etc. The greatest areas in Europe. 
of inland shifting sand are, however, in' Hungary and South 
Eussia. 


2. Protective Itnks. 

. Maintenance of forests, especially on sandy hills, is the chief ■ 
protective measure to be adopted. Not only must clearances of': 
forests be prevented, but all destructive practices leading tOj 
their impoverishment must be stopjied. 

The following measures should be adopted in forests whic'*® 
serve as a protection against shifting sand 
^ (a) The Selection system should be adopted, or only very! 
toall areas under a short rotation be cleared-. Extensive? 
clearings must be avoided in -any case, but the,shelter-wood| 
systems with natural regeneration would be suitable were iS 
always possible to obtain natural regeneration on dry, sandy? 
areas. In the Gascon cluster-pine forests, clear-cutting i|| 
adopted, as the trees that form the final crop, being tapp^ 
for resin, do not produce seed. The pine seed is, howe-^M 

^ .* Knrkkaivlf Hi* "R ‘t 7.»iV'TTitlfni' jIm VliioafiT»/^«si ” “ Anti ilpm WaWp*' 
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^^foducied'so abundantly by trees adjoining the cleared area 
i^nd germinates so freely, that good results follow. 

(i) In the case of artificial regeneration, and for filling up 
natural regeneration, planting is preferable to sowing, but the 
planting-holes should be small, and young plants used. 

;,f (c) The borders of the forest to windward must be kept 
1 ?' densely stocked and all underwood protected, while the soil- 
, covering is strictly preserved. 

■’?’ (</) Htunips should be left in the ground after fellings, and 

i. cultivation of cereal crops in combination with sowings of 
j: forest trees must not be undertaken. 

} (r) No pasturage should be allowed, and all servitudes for 

•pasturage, passage of cattle, usage of grass or litter should be , 
!, legally annulled. 


3. FLmtiuii of the, Sand. 

The supply of sand must be stopped at its origin by plantit^^J 
up the sandy hills from which it comes. Tjooso sand may be 
fixed by means of fences, or by covering it with branches or 
sods, and both these methods may be combined. Planting sand- 
grasses is not advisable, as it only increases the difficulty of 
restoring forest growth to the denuded area. 

a. Fenren. 

" Fences are generally made by driving into the ground pine 
stakes 6 to 8 feet long and 2^- to 4 inches in diameter. They 'j 
should be driven 2 to 8 feet deep and supported alternately 
nn either side by means of oblique stakes, as shown in ' 

Between the stakes, branches of Scots pine or of broom;i 
should be intertwined, leaving sufficiently large interstices fofif 
•the sand to pass through, or else the fence would bo broken by.;, 
its pressure. Poplar- or willow-cuttings may bo used instead, : 
of pine-stakes; they take root, and their side-shoots mayv 
^eventually be twined into a fence. ' 

The fences should run at right angtes to the direction of the;^ 
'gifting sands, on both sides of roads, or other endangere4| 
places, their ends being,turned round to serve as a protectioa,! 



against the winds Wowing at right angles to the fences^. Beverff^l 
■of these ■ horseshoe-shaped fences may be made, at suitableJ 
distances, parallel to one another, the distance between theni'-'| 
depending on the locality; on level ground a fence will afford •■ 
shelter for 200 to 230 feet, Imt on hilly ground for not more K 
than half these distances, and on steep hill-sides not more :i 
;han 60 feet. 

One man can make from GO to 66 feet of fencing in a ' 
lay, non-inclusive of the labour of transporting the material, ?; 
Fence-construction is therefore costly, and fences are not used ■ 
it present so much as formerly, as they do not thoroughly, 



Fig. 287. 


|ulfil their object. In general, the formation of protective; 
lences is now not followed, as they are expensive to erect, and* 
the results are not considered sufficiently good._ 


b. Covmmi the fkiut. 

* Before covering the sand, all unevennesses on ttie areasnouia,; 
be smoothed down. The wind acts with more force on rough; 
■projedtions in the sand; and the steeper the hillocks, the morej 
readily does the sand roll down them. Small depressions! 
I should be filled up with brushwood or wattle-work. i 

i Branches, weeds, grass, seaweed, and sods or straw are the’ 
jmsiterials used, and, for the sake of economy, the nearesl- 
Available material should be chosen. Branchy stems of Scots^ 
eij^ne, juniper-bushes, heather, broom, reeds or rushes’ for A 
^seful material, and sodt are cut from grass or heather land^ 
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P MancferB. The covering is chieHy employed for the moat 
^endangered places, such as ridges, the windward side of hills, 
’depressions and roads; other places may bo readily stocked 
‘with forest growth, provided fresh sand is not blown on to 
them. 

The covering should then be applied from W. or S.W. to E. 
or N.E., the ground being either entirely or partially covered. 
Roads are generally covered completely, but, in other cases, 
partial covering is adopted on account of the high cost of 
complete covering. The looser the sand the more complete 
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should be the covering, and it is always more prudent to do top i 
puch than too little in this respect. j 

J Branches are either placed on the surface of the ground, orj^ 
Stuck into the sand, with the bushy end inclined away from" 
the wind, the rows partially covering one another, but their . 
Use is not recommended on account of the difficulty in stocking i 
M area which has been completely covered with branches, ;] 
whilst if they are isolated, they are liable to be blown away, t 
j ? Heather sods can be used only on level ground in pieces,! 
|| to feet long, and should be tossed equably over the areaf 


jfi^s ,of hajp-forks, after it has been sown up with Scot|,| 




^ite seed. In the Ofinnlmrg lifath, about twelve wagg^Tn-loada,; 
with two liorKen, of liciitliei' jk‘I' aero, arc roijtiireil, and tliocost 
is £1 lid. ])fcr acre. Knwincd thus carried out will ceiierally 
prove Huceesiifiil if the siiriiij.; hi; inoderiitel.v wet. 
i, fiods are always laid with the earthy sido'dowiiwards, and 
rtionld he firmly iiressod down. 

The diagrams on the jirevious )ia''() show how the sods may be 
arranoed. Where a sod is laid in Ihe middle of each patch, it 
should he larj^ur than the olheiv, and that form of soddine is 
preferahli', as the loo.se sand wilhin the patches cannot eetout. 
Thu lines of sods sliould he at rioht atinle.s to the direction of 
the prevailing wind. Thi' work of seddine should ho done 
Snriiij,' auluinn, after the .sand has been well soaked by rain, or 
in the spriiie, imd llii; j^'roinid should he at once sown or jdanted. 

In (lermanv, partial sodding of ihceretind costs frinn t'tto td 
111 aero, with daily labour at l-s'. Hid. ('overiiif; with liranchcs 
tivlies about forty or'ilfty cartloads per aero, and costs soiuewhftt 
less than soddine. 


4 . Sldckiiiij ihe .!)«(. 

Fixing the sand should he followed by stocking the area, 
nilless tho two operations havii hceu done siinultanoously, ot 
the stocking jirecedethocoviwing, as is the case when hranchea 
or heather are used. 

The luost siiitahle species are Seots or mountain pines. 
These sitoeiiw aro very hardy, and yield plenty of humus. 
The mountain pino, owing to its cfia'ping habit, covers th« 
({round admirably. Among exolies in Meat I’rnssia, Piniii 
Xighla, Mill., and i‘. liunkkiiu, LI., either pure or inixec 
fwith Weymouth pine, have given excellent results. 
i, Of broadloaved tree.s, the rohinia, owing to its faculty o 
Iproducing suckers rapidly, fixes the sand, and has provec 
successful in Hungary. For dampplaccs, ]>oplars and wiilowi 
should 1 k) used, the Canadian, white and Idack jtoplars Iteinj 
fttinst usual. SalU iirciiai k, L., the Caspian willow (.S’, actili 
Mil, Willd.), iS. kmiiklhi, Host., or .S. cmcmi, L., may alsi 
pe planted, Uio latter rapiiily covering the soil with its ereepinj 
lateral hrauehes, and it easily grows through any sand whid 
:^y be blown over it, , , 
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^^' Tn ilnssift, near Odcana.yli/flwf/iH* iiI(iii(IkIim, imt., iai 
used on sand-ilimcH, uiid also in the smith ot Fninco. Thig’ 
very acconiniodatiii)> gjiceies j^mws rmuilly and kwiiIs out 
nnintrous giirkers, and thrives on the liot soiitlioni slojuis of 
the Siwiilik IJilis in India, as well us in smoky J^omion. The 
cluster pine may also ho used, as in (iascmiy, hut it is not very 
frost-hardy. Sowinp; is still einployod in restookiiif; hare sandy 
tracts fir France, ir> to 'dO II is. of seed hoin;' used jicr acre; 
hut in (ionnnii}. !i to 1-year-old tran.s|ilants with halls of oarth 
are now planted in rows at rioht aiij^les to the prevailinji wind. 
The idants are Jiut in dee]dy to prevent exposiiri' of ihii roots, 
and liecanse they sillier in Miinnier from the heafiiiH of the 
Band. Scots pines do not siilTcrat all from tliisdee.p plantinff. 
]n order to f;et the area stocked as soon as jmssihle, intervals 
of only di to .’i feel ale left lictviecn the. rows, and the plants 
arc 1 to l.t feet apart in the rows. In Hannover, llicy are 
planted with a heavy planlini.; iron, lerinod Jiuttlar's iron,* 
and a mixture of y iicat witli d per eent. mislakcd lime and J 
sandhis used to fill the holes roiiml the roois. 'Hie peat is 
hygroscopic and retains moisture neiir the plants’ niols. 

lloliinias, poplars and willows are put in ub cutting's in little 
clumps, or in liirrows. Sonietinics llio ground is cultivated 
before the eiilliiiga are put in, and Scots pine seed sown in the 
depre.ssions. lliihcrl recommends that grass seed shoiihl Irei 
strewn over the jilanliitimiB. In Austria, .Ivrusaleni artichokes 
{Ihliuitthiie Inhcroxuii) iiic frcipieiitly planted to shelter the 
j woody plants against heal and cold. • * 

•j. In case the sandy trad is so extensive that it cannot be con* 
veniently ]ilanled up in one year, a plan of o]>erations extending 
over a series of years should lie drawn up. A cmiimencenient 
should then he made oli the windy side of the area, and the 
cultivation carried on in strips under shelter of the first year’s 
Work. In the Landes of (lascony, shelter-fences are erected 
i' to the leeward of each year's strip to protect the plants from 
' sand blown back by la^d hreescs. Whenever the work is 
thus gradually done, great eare must ho taken to fill up OIT 
t gajw in the. areas to windward liefore commenciug the work 
l.beyond it. 

Vidfi tScfalkbV*' Manuttl <4 VuL U., p. 124- 



: At Lingen, in Hannover, wk has been carried out graduallj? 
since IKIH, wlicn tliore were ;b‘.)27 acr(is to lie slocked,of which 
75 per cent, was siiitting sand, and the Imlimce cultivated land.' 
Between IHlS and IHliii, 2,271) acre.n laid been planted auceess- 
tully, and llie balance of 1,018 acres was fairly well stocked by 
18117, the total cost, up to 1832, being ill 18*. an acre. 

. Forests'on shifting .sand innst be managed most car^ully. 
Pines ari' regenerated under llui Selection or Strip sfttems, 
and broadleaved sjiecies iy coppice. No pastnre or removal 
of litter can be allowed. 

An interesting aecounl of the pianting of shifting sands 
near llresden. in Saxony, w ritten in 181)1 by .Mr. A. M. lleullier. 
Conservator of l‘’oreHls, India, is here a))pendnd. 

"A considerable area siluated witluii llie liresileii Forest 
Circle lias for niiiny years been leased by llie Military 
Deparlineiil witl) Itu! oljjeet of pi'oviding parade-grounds for 
llie eavaliy and infantry riigiiuents stalioned there. In 18(57, 
it was decided to exteiiihtlie parade-gi'ouiids, foi' wliicii purpose 
a furtlier area of 1(X) liectares was iitlduded in tlie, lease; "and, 
in ordiT to oliviate payineiil of coinpensalion, the Military 
Dopartnieiit allowed ibe tree-slinnps lo be exiracteil, and the 
litter to he removed from this area after the forest on it had 
been clear felled. 

“Thesurface eonlignration of this area is iindulating,and the 
soil consists inosllyXif pure sand, eonlaining bore and there an 
admixture of clay, up to 18 or 11) jkt cent. Very soon after 
jflie eomidote exiiosuro of the soil, the sandy surfime began to 
grow unstable, and already in 1870 the si lifting sand, moved 
by the wind, covered not only the adjacent cavalry parade- 
jground, Imt also blocked the n'lore distant Konigshnicker 
S^aussee lo sucli an extent as lo interrupt all trallie on it. In 
next few years the evil assumed siudi large proportions 


ilbat it was found absolutely necessary to reallorcsl the area 
iifilh the least possible delay. 

; “ Oiwatimis were commenced in 1^4 covering the wliole 
krea witti a network of wattled fencing. Strong stakes, 8 to 


l^lnehes in diameter, weri^driven into the ground 2 feet apart, 
^tows I chain apart running south to north, and interwove 
& branches of Scots pine* the wattled fencing 



'fteing iJf teet high. At ngnt angles to these lines of.lenemgl 
jdmilar fences wore made, alwutSOj arils apart, and 2 feet high, !; 
Towards the west, wtievo the general surface elevation is higher' 
and et|)()8ed mounds and riilges exist, tlu! fences wero placed ; 
closer together than on the nioro sheltered east side, so that 
the average area of each rectangle enclosed liy the fences was 
about 1 rood on the west, and ahonl 2 roods on Uie east side. 
The sliifting of the sand was ihiis greatly nalueed, and restricted 
within the enclosures; and already in iHTfi it liecanie iKlssihlo 
to begin planting. In that year birch and alder were plantiid 
in rows along the feiicen (on the sheliered si/le), the planting 
holes being tilled with good soil hroiiglit from a distance ; and 
in the following year planting up of the interior of each 
rectangle WHS begun with Scots [line plaiils I to 2 years old,, 
which Were put out in sijiiarcs wilh the aid of Jinttlar's |dant*| 
ing tool, ;i,2(K) plants being Used [ler acre, and each [dant 
supplied wilh a handful of good hnniiis soil. The compost 
was prcjiared in anliimn, and left Iviitg in lieaiw during the 
winter, and conveyed to the site of the jilaiitatioii just liefore 
(he planting season in sjiring. 

“ The results are (piite satisfactorv in so far as the ground is 
now fully stocked, and the surface soil coinjilelely consolidated. 
But owing to the dryness and poi'erty of the .soil, the growth 
of the plants is in many jdaci s very miseralde, many of thfi.; 
Scots pines being only 1 yard bigit, Iboiigli already 1,'i to 18; 
years old. The average height is, however, about Iti feet, aiid|* 
for tlie most [lart the plants have closed ovei liead. The entire ! 
area has lioen most carefully jn'oteeled ; cattle have heeu,; 
strictly excluded, and grass cutting disallowed, and all un- ' 
authorised persons liave been prohibited from walking across; 
Jt. These precautions were, absolutely ues'essary to prevent’ 
disturlmnce of theunstaldc surface soil, and to give thejilaiits; 
a chance of establishing themselves. 

■ “ The cost of the cultural oi>oratinns w as 1««. [ler acre. The 
wattled fencing was constf noted liy a local battalion of Pioneers, i 
land therefore involved no direct outlay; had the work beep'^ 
Jdone-by paid laliourers, the cost would have k-tm aimut 2^4*1 
ijer running yard of foicing.” 



CHAl’TKK IV. 


PBOTECTION AQAIKST FOEEST FIKES.* 

Fiirkst firtiK lire nearly alwavK canHed by bimmn aj'WH'.y, 
enci'HlIy owiii}^ to canilesMinss, bulare soineliniBs iiitcnlional; 
•lioy are also ocyasioMally line to lidtitiiino. 

It i« iiileiiiiinl to treat the aabji'ct aecoriliii" to these causes, 
taliiai ill oriltif. 


Kkc'iion I. -Kouhst Klims i’aiskh iiy Human .Viikncy. 

]. ('llnil'll, 

, The following ads, omissions, or occupations may cause 
forest li res:— 

Kindling a fire witlioiit perinissioii in a forest, nr hy the 
Bulo of a forest road, in order to warm thcinselvea or to cook 
their food, hy travellers, or nienonpip;ed in telling trees, road- 
nialiing, etc. 

Ltiaving a fire, which has been lighted by jiermission of the ; 
forest manager, without coiupletely extinguishing it. 

fariilcasiiess of eharcoal-hiirners whilst burning their'kiln, 
or extracting charcoal from it. 

. Burning hraiichos or weeds whilst cultivating crops on 
•forest-laud or on fields adjoining forests, also burning moor-,' 
heather-, or grass-land. 

Burning bark to destroy beetles, etc. 

." Night-fires by poachers after lish or game; burning out’ 
wild bees. Thu collection of wild honey and wax is common ini 
East Prussia and in Uussia and India, and frequently gives ’ 
■■rise to forest fires. 

ShiWting in forests with rag or pajier wads. 

•‘■•.CkrUing, “ t'mw in Ur' t-flfieberijct ttniitf,” " Vretl. IlHir.,'' ISHS. p. 24t 
|^»i«lta.'''SBl(M«In<li»uSylvicntiaTO” (Suit aiition), 1S93. This hjiigirA 
deuiilcd nwaurt of itic miwur® tor comtaltog fisest Srew, 
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f‘ Stookihg ill forests; throwing down imming cigar ends Oi,.» 
matches. 

4 Carrying on dangerous industries in or near forests, such ns • 
the manufacture of piteli or tur(>e!iliiu),and also iron-simdting ; 
furnaces, or toimdrioR. 

Sparks from loconiolivo engines, especially when Imrning 
turf or lignite, and unjjrovided with Hparli-e\tingiti.sliing 
apparatuss 

Intonlional iiring of forest.s fer sellisli motives, as when 
shepherds or farmers hum extensive fore.st areas to ohiniu . 
fresh grass for their t!oid>s and herds, (or it grows up luxu¬ 
riantly after a forest lire. ^ 

Nfolives Ilf revenge, or superstition, as in India, where a. 
deodar forest was hnrned to pi opiliale the g(rddes,s of small-.iwx. ' 

It follows from a eniisi.lendioii ,d llie numerous causes of ! 
, forest lire-' that the forester most he wide awake to incvent .such * 

’ ealamities. I'rivate rc.'ources are here (juite iiisiiflieieiil, and' 

: the State must assist hy framing suitable laws, and hy in- 
struetiiig orilcials to he active in entorcing them. 

■ 2 . luiiik I)/ I'lirinl Fires. 

' horest Hies may he in tlie ground, in the soil-covering, or in 
the. crowns or stems of the trees. 

fl, llniiiiid-lii'rs. 

These occur in peat, lignite, or coal j thev proceed slowly 
unless they ceiiie to the surface, when they partake of the 
character of tires in the soil-covering, tiround-lires rarely occur 
in forests. 

b. Sillfur-fires. 

These are the commonest ami most important lires the 
forester has to contend against, hurniiig the, dead leaves, 
heather, giaiss, and other .soil-covering of a forest. 

e. Flrn in the (’r.iirns of Forest Trees. 

These are less freipietil in Central jjluropo, llioiigh commoil; 
in Nortl} America and not utifretjuent in Imlia. They 
arise from surface-fires, which spread to the crosfiW^ 



b{ tho trees. A den.se coating of licliens on tno trees increases 
the danger of the occunence of crown-fires. 

f/./'Vres w A'/ohx. 

Green trees seldom catcli lire even from lightning,* and 
when 11 whole stem is hurned, there is gi'iierallv some decay 
[•resent, and the Irimk or hninclies of tho tree arc hollo'j’. 

d. Uiinuuir dune, 
n. (I'i'iiriiil 

l'’orest iires do dir.el damage hy de.stroying whole woods, 
and esiarially yoimg grewlh. j!e|irodndion may he sto])pcd 
for the year hy the desiriiclion of hlossoin or fruit, while, 
owing 111 reiieated lires, hroadleaved trees whieti ai’e not killed 
heeome misshapen and weakly, (lame may ho killed in 
I'Xtensive lii'es. Hy heath lires in, Jlannover many hives of 
bees are hnrned. 

/•;d(fve( damage comsists in the hiirning of the dead leaves 
or nwdles on the ground, whiidi iirevenls tlie accuumlation of 
binmis and the improvement of the soil, and renders it [mor, 
hard and iinsiiilaide for reproduction. Hmirv stales (“ liev. d, 
E. et 1'.Inne 1st, lhO‘2) that high forest produces the following 
ijuantity of dead leaves in (1 years jier acre 

Beerh.lO.oOfllhs. 

Biu’uce.„ 

Scots pine .... 18,(XX) „ 
Ceppiee-with-slandards . . 4,0fK) „ 

There is about 1J llis, of nitrogen jp 100 lbs. of dead leaves 
worth about Id. a pound. The value of thp nitrogen destroyej ' 
in the dead leaves is I I*. ]ier acre for coppice-with-standards,', 
arid three to four limes as nnieh for high forest. 

A jnoper sequertoe of age-classes may he interrupted'. The 
annual burning of the soil-covering on hill-side8t.iney cause;,; 

,• Vt>a TuWtif. in oWrvwl fhat iightninif hail wt 8re ta a 
ppnico liVis and Hit’ lire hproad Ixi nfighlKmiinff , *.‘j 

III iW yeiirs tiioro wrix- rnHi fin-a in ihc Bararmn btate 

wrhirh aiMse H.* f-dlmv;.- •?frurt srronnd-tifis; 4H» (S2 (xTtTnt). sarface-fires';;^; 
0 (40 jHT mii.K wubtmO ttnrfACf aud rruwn-firi>; lii jjfr wnk), fiowfained^j 
(irfacc and ; ♦> (1 {.f^r cent.), Rieni-ftres. 
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, Boil-demidation when it is followed by licavy vain; this was 
the case in the Siwalik hill-rani,'c, estoiulins over iifly miles 
between the rivers (hinges and Jiinina, and its jirotoidion from 
lii'e was demanded in ls82 Ijy the Indian Irrijjatiou Ih'parltiKint 
: to prevent their canals from siltiii" u]). Some Aimwicau forests 
' are so seriously injured hy lire, that rainwater i)assi‘s over the 
j soil, a*over a roof. Ohservation.s have .shown that up to 1)0 
per cent, of the rainfall rims over the surface of Imrned foro.sts 
and fills tho watcacmir.ses with sill amt other dehris. 

There is an increased tendency to hrealmso and to dainaso 
hy insects, also to growth of weeds and cniiseriuent incroasod 
cost of sowing and (d.inting. Firi's are extremely injurious in 
forests on shifting .sands. 

.\fter liren in Scots pine woods, the following insects may 
Irecomo e.vlremeiy ahmidant ami destructive: .Vi/iVo/i/kVhji 
jiiiiipmhi, I.., in England and (ierniany, in (iormany only, 
I'issiiih'.i iiiilitliia. Eahr., Tuimrini hiil'iiH, Fala',, 7'. /.nrodg, 
Fair,, JlnhisliK paHiiiliix, (lylh, and UiiUiypim miner. Jlrtg., 
MUfliipliihiH miner, lirig., etc. 


h. AeriiltlliJ to Spirit, 

In Cential I'hirojsi, conifeiw siilTcr much more than hroad- 
Icaved species from fire, owing to their resinous naliiro, and to 
tltfl inilammahle evergreen needles, which favour tho s]iread 
of the fires. The Scots pinn and the .\u&trian iiiiic are tho 
most exposeil to danger. Other pines, such us Weymouth 
pine, are grown only to a limited extent, or, as in tho case of 
Cemlirau and Mountain pine, they groav on high mountains, 
where fires are less dangerous. The greater danger the Scots 
pine exiteriences from lire is due to the early drying up of its 
lower branches and to the dry nature of llie soil-covering, 
owing to the imperfect leaf-canopy of this tree and to tlie 
nature of the localities (hcatlier lands) on wliich extensive pine 
^forests occur. In France, the forests of maritine and Alopiw 
xTmes are sjrecially lialde to fire.s. 

After pines, come in point of danger, first, the spruce, then 
\Bilver-fir, and lastly, larch, owing to its being a deciduous 
'■jbee. 
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Piim rii/ida, Mill, in tlie Cotton forest near Bonn, irtf* 
Miircli, 1B93, produced slioots from dormant Imds, after a fire,?; 
Imt not a complete crop. Tlie jjlants, 7 -10 years old, were '; 
cut bscli, after the lire, and produced 9 or 10 shoots each, ■ 
88 c.m. hi"h. 

Amonj'st hroadleaved species, roiiph-haihod trees, such as ' 
oak and elm, withstand lire.s hotter lhan smooth-harkeil trees, 
such as the hcech, ash or sycamore,. 

Files ai-e evidently ifion; freiiumit and thingerotis in High 
Forests than in coiipices. 


f‘. -ti/C fl/ 'I'lfTS. 

Young woods up to thirty years old arc most e.\poscd to lire, 
at firstowing to theiiresence of weed.s, later on, as the struggle 
for e.xisteiico ib strongest, and there is usually most dead wodd 
at this period. 

YVell-stockud wood.s hetween 80—W) years of age withstand 
fires he.st of all, as middle-aged coniferous woods after the 
earlier thinnings contain least comhuitihle material, such as 
dead womlf grass or heather undergrowth. 

AVoods over lit) years of age, where grasses and other weeds 
spring up, again become more endangered. 

The hdlowing average liguros, taken from a list of fores(i|| 
fires in llanovtr hetween 1884—84, supiiort the above con- ' 
clnsions. Out of l.OUO acres of forest, there wore burned , 
animully during those twenty years 

. Atje. Acruk 

Broadleaved woods.'170 

jl-3()yrs. 1'107 

Coniferous woods . . . htO—80 0'26*2 

lover 80 0'354 

Mixed coniferous and hroadleaved I „ 

forest.1 • ■ 

(I. LmilHi/. 

Forests in plains, on account of the greater dryness of the^'ii 
’ air, and frequently of the soil, sutler more than mountain'^ 
forests. On sunny asjiects fires spnead much more rapidlyl 
than on cool norllierly slopes. A dry sandy soil increaseB 
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danger. 'Pire lurns more slowly down-liill (Imii up-hill, and 
4lie more bo the stt'epor the slope and tlie stiller llie air. As 
a slow lire i.s more easily regulated Ilian a fast one, in jldima, 
or cultivations on forest cleuringH where the hranelios and 
undergrowth are burned, it is better to burn down-hill. 

; » r. Suil-('iii'irin;i. 

k tall growtii of heather, genista, broom, or gras-s, etc., 
increases the danger of fire, and so does an undergrowth of 
jimiiier or of Bundry coiiifer.s. A mossy covering is pro- 
judieial only in seasons of drought, and a covering of dead 
leaves or needles is usually a had coniiuistible,.though tiro ill 
it may smoulder on for days. Wiieiiever much branchwood, 
refuse of felliugs and dead fallen wood, lie on the ground, the 
danger is increased. 

Abive all. Scots iiine woods on luiathland with dry Boii 
and soil-covering and comhiistible foliage are most ('.iiiiosed ti 
forest tires. In a pine wood, where all tlio soil-covering liaf 
been removed, a fire would iind notiiing to feed on. 

In badly .stocked Indian forests, tbc grass iWrequentl} 
6—8 feet in height, and in tlio open in As.saiit, the llowerin^ 
steins of reeds may attain a height of lit feet. The llerceiiesf 
with which a lire passe.s tlirough tall grass during the dry 
season must la seen to be believed, the sparks and flames 
sometimes crossing rivers one liuiidrcd yards broad. 

The loaves of many of the Indian forest trees, siieli as the 
teak (I'fcturia ijriiinlin, L. 111.) and tbc 8ul (.S'/ooru mbutla, 
Gaertii.) fall in March and .April during the dry .seusOli and 
when dead are very inflammable. 

/. Ikmili/ dj thuii’lh mill Hrknl uf Forest Arm. 

' In so far as density of growth kills down lieather, grass and 
other inflammable undergrowth, and provided all dead wood is 
removed in the thinnings, a densely stocked wood is less liable 
to be ignited than a thin wood with inflammable undergrowth. 
Once, however, that a dense forest is ignited, and esiiecially if 
the fire is in the crowns of the trees, it can generally bo ex¬ 
tinguished only by a lall of rain, or a sufticicutly wide gap in 

.j. 2 
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me woo'-,; .jed by a wad, river, fieldior Ijy purposely' 
coliiiter-ii,,.,„^ or fi'llio'; ire(!S aci’oss ils palli. 

If a foriiHl is lialilu lo Ijo fniiiajd, it is lietu-r to btildivide it 
into siiiall iirwis by fiiirlj liimioroiis rides and roads. 


Smmii. 


Most i.res in Centra! Kiirojie occur in dry stn'ings from 
March to May when cast winds prevail and tlio dry grass, 
lea, and weeds under the trees and the presence of miiuoroits^ 
workmen in llie woods incroase thi> danger. 

The ,')(»!) fii'e.s in the JJaViiriaii Stale forests I'p. (110), daring 
thoy(iar.s lK77“-8;i, whirli extended ovtfr aeres, occurred 
in the toliowing monlli.s: .laniiary, 1; Fehriiarv, ■!: March, 
IIH; .Vpi'il, IM ; May, 110; .luiie, ill; .Inly, -bl; .Angnsl, 20; 
Septomher, 12; October, 2; Soveiulier, 0; lleceuiher, 1.' 
Thus 7!i per cent, ot tin; lire.s occiUTed in March, April and 
May, and only 27 per cenl. in the lemainiiig months. Similar 
rosuUs follow from .slalislics in lle.sse. 

Forost-lires also occur in hot and windy summers, as in the 
years lOO^Iknd lOitl. IVinter lirea may occur on southerly 
asped.s with dry gras.s. Two hundred and fifty acres of forest' 
was thus Inirned at (therainmorgau on the 1 tth Janiitiry, 1808. 

In the ease of some fires, it lias heen remarked tliat tliey ' 
generally fall off in violence <liu'ing the night, hut recover 
force again afler sunrise, this being due lo the daily variatiou 
in tlie strength of the wind, and somelimes lo tlie nightly dew, 
which may tniliiignish a fire. 

In tropical and semi-tropical countries forest-fires occur ’ 
during the dry or hot seasons, and are very rare during the,.) 
more or loss prolonged summer monsoon. Tims in the North- /, 
West Himalayan coniferous forests, there may be fires ill.;: 
• November and December, until snow lias fallen, and then’,’ 
again from April till tho monsoon breaks early in duly, altar' 
the melting of the snow. 

In the erlensive Siil forests at the foot of the Himalaya 
■ mountains, estending from the .Tumna river to the Borelli 
" river in Assam, there is danger from fire from February till 
July, and this danger is inereasod.by the fall of tlie dead Sal 


leaves in March and .April. In the western 
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the danger from fire is prohiildy greatcsf in May and 
rvliilst in the eastern parts in Heiigal and Assam, 
WiWe spring ruins occur, the foresls an' faii’ly safe from 
me in May, owing to the growth of fresh grass, which ia 
incomlm.stihlc. 

1 . Ul'fjUti'l' nj 

ForPsl fires are of freipumt occtirnmce in tlie lieallilands 
of Berkshire, isurrey and Hampshire, They uro not nnfre- 
(jueiit in (iermaiiy in spile uf the great care taken to prevent 
t-om, hut their .'xleni and freiniency are, iiieonsiderahle when 
compared with Austria, the South of I'nmce, Sweden, Norway, 
Ilnssia, (ireece. India and North America, In this last 
conntrv, forest tires fieipienily extend over hinnlreds of sipiare 
mile.s of foresi, and lillle or no Iroulile is taken to exiingnisli 
or prevent them. Th most disastrous foresi tires which 
have occurred in (lermany during the ))re,s(;nt eenlitry are 
given helow; 

IhOO, Itli lo lilst Atign.sl, .'i.tiT,') acres in tlic lilack Fore.st 
near the Katzenkopf in Wuriniinlierg. 

limti to ilOili Atigiist, d.tIUti acres ne ir Kmiig.shriicli in 
W. rrussia. 

1^80, 1st to til'd May, acres on the Limelmrg hiiath. 

■' In the I’rnssian State' foie'sls, during tiic interval IHIki— 
the feilleiwiiig damage liy tires was done : — 
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It may be .stated that, in (iermany, on tlie average, out of 
3,600 acres of forest half an acre i.s burned annuiill)’, or 0‘(T2 [ler 
cent, of the forest area. 

In Austria, in 1881—85, there were 1,717 fire,s over 10,378 
the amount of damage done being A'10,3(i7. 






In France, between 1865 and 1870, about 25,000 actes ;® 
cluster-pine forest was burned in Gascony, and a large are|| 
was burned in 1893, including 1,200 acres near Arcacbon 
the forest de la Teste. There was also a large conflagrationj,^ 
in these forests in 1898, extending over 63 miles, and causing"' 
damage valued at 1180,000. The worst districts in Prancej’;' 
however, for forest fires are the Departments of the ^auras', 
and Esterel, north of Marseilles, where large areas of forest,:' 
chiefly consisting of Qiierms Ilex, L. and Pimis Ilalcjtentk, '- 
Mill, are burned every year, and a special law has been 
enacted for their protection from fire. ^ 

Extensive forest fires occur every year in Russia. In Canada," 
in 1868, it was estimated that 400,000,000 dollars worth of. 
standing timber was destroyed by fire. One of these fires 
extended 160 miles in ten hours. 

The forest tiros in September, 1881, and again in 1894 in 
the States Minnesota, Wisconsin and Michigan of the United 
States of North America were of enormous extent, hundreds 
of human beings being burned with their house.s and cattle. 
Statistics Ifrn wanting to give some idea of tlie enormous; 
annual destruction of forests in N. America by fire, and 
esi)€cially of the Southern pine (Pinus paliistris, Mill.) which, 
yields the best coniferous timber known in the whole world.* ij 
Protection from fire of the State forests in British India has , 
been seriously undertaken during the last forty years, an^.) 
measures with this object in view are carried out on a largftl 
scale and at considerable cost to the State. Thus, in 1899-^ 
1904, measures were taken to protect from fire 35,236 squat^^ 
. miles of State forest, the failures in this area amounting fei'; 
8 per cent. The cost of protection in 1891—92, averaged 1<^ 
rupees a square mile, or at Is. %l per ru|)ee lls. 8d,, l)eiug aij 
pow as 2s. ill. in the Bombay Presidency. Besides the abov|i 
r there are 66,196 square miles of State forest, in which eithS 
the forest is of such a character as to demand no siremtl 
protective measures against fire, or its protection has not ^ 
\ been undertaken. This lakes no account of protection 
i. fire in the forests of Native States, some of which 
{admirably managed. 

A Piteer oi Kpi'ettiy, fliftjid 
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5. Prntirlke Mfosiim. 

pFrom what has been already said, it ia clear that for Central 
Europe, protective measures against fire have chielly to be 
carried out in coniferous forests. The following rules will 
serve for priviito forests 

(a) MixUiiv of bn<aiikui-cd s/ici-ics in I'miiA’reiw forests, 
eitliefby single trees, groups, or in whole compartments, or as 
protective belts round the coniferous woods. Such protection 
is 6i)ecially needed along the borders and roads through Scots 
pine forests. 

Birch, oak, beech, black jioplar, and robinia are suitable 
species, and the belts should be 25 to d.'i feet broad, and may 
be either High Forest or Coppice. Such belts are larg(!ly used 
in the Lamlos of Gascony to protect the cluster pine from lire, 
and should be kept free from heather, ferns, doad leavo.s, and 
underwood, whi(di are readdy sold for litter. In the Tuchelet 
Heido, ditches 2—!1 metres broail are dug round endangered 
woods, and the spoil heaps foi'iued into a mound inside the 
ditch. * These mounds are [dantod with birch one metre apart, 
and have proved efficient. A similar ])lan is adopted in the 
.sandy parts of Windsor forest. 

Except in coniferous mountain forests, belts of broadleaved 
, trees are practically useless in most parts of India, as trees 
that retain their foliage during the dangerous months will 
. grow well oiily in moist place's. In Assam, however, belts of 
evergreen forest growing in low ground on either side of 
watercourses frequently act as protective bolls to the drier 
deciduous Siil forest on either side of them. 

It. Fire-Tritrrs. 

Wherever forests are surrounded by inflammable undei- 
growth such as heather, grass, etc., fire-traces of sufficient 
breadth should be made along their boundaries, and iutenml 
fire-traces are also required tor all extensive inflammable forest 
areas, to limit the extent of the damage done, in case a fire 
^ould cross the Imnndary, or break out within it. The 
number of internal fire-traces required for a forest must is; 
toft to local experience, but the forest manager shonid remembi 



that a "considerable area of forest is rendewd nn^kidiieilTl 
when the length or breadth of the internal fire-tracos arej 
excesBive, and that the cost of protection is thus greatly 
enhanced, so that he will limit the number and breadth of the 
fire-traces to the minima compatible with efficiency. 

Fire-traces in Enrojai are broadest for coniferous forest, but 
rarely exceed 100 feet in breadth, while in India they are 
sometimes 400 feet broad. 

Whenever the soil-covering on the traces can be utilised for 
thatching material, litter or fodder, it should be cut and removed. 
This may often be done liy concessioners at no cost to the owner 
of the forest, or even on payment to him of a certain sum. It 
frequently happens, however, that the soil-covering has no 
local value, and must then be carefully burned to avoid the 
greater exi)ense of cutting it. • 

Before burning fire-traces, the soil-covering is usually cut 
on on either siile of the trace, their breadth being 

about three feet more than the height of the covering. For 
greater safety, cross lines as hroad as the guide-line are some¬ 
times cut at intervals across the trace itself, so as to divide it 
into segments, each of which may be burned so])aratoly. 

The guide-lines should he cut some time before tlie fire-trace' 
is to he Imrned, and the cut material thrown on the trace, 
where it will dry, and facilitate the burning. A broad short 
scythe or a sickle may he used to cut the grass, heather, etc., 
from the guide-lines. . 

In burning the traces, it is a golden rule to remember that 
grass and heather in the open become dry«ooner than under 
cover of the forest, so that border fire-traces may be buimed 
before the internal ones. In firing a trace, a still afternooii; 
should he chosen and men placed on either side of it, two of ■ 
whom fire the edges of the traces np to a cross line, if one had 
been cleared, or if not, to a sufficient distance for the otheri 
men to he able to beat out the return fire which runs along- 
the ground in the stuhhle towards the forest. The other men, 
armed with evergreen boughs, which they can use to proteci: 
their faces from the heat of the fire, keep back on the guides;' 
lines,''Or even in the forest beyond them, until they see 


.ri^m fire approaching too pear the edge of the forest, 
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forward and boat it ont,leafing tne names irotn^ 
miiLii|’~ side to meet in the trace, arid burn alf tlie slanding^ 
l^pkor he'^'^iier within it. '' 

■^ihoald lie noted that however still the air may be, before' 
firing a trace lias commenced, the ascent of hot air duo to the 
fire will draw in colder air from all sides to fill up thevaciuim 
thus jiroduced, and it the wind be blowing in the faces of the 
men on ore .side of a fire-trace, lighiing in the middle of the 
trace, a^' : ri,as along its sides, will draw in the llame away 
from the men on the daugevons side, in siiile of the wind, and 
will thus greatly facilitate Ihcir work. 

On hill-sides, fire-traces shoiibl run along ridges, and they, 
maybe made zigzag wben tb(‘ bill-sides are sleep, and are 
burned downliill. hi forests where immeroiis liro-lraces are 
cleared aminally, it is often advisable to murk off the limits of 
the guide-lines by a simple trench ot the breadth and depth 
of a plantation lioe. 

Wlicre the soil-covering is very dense and tall, it is belter 
to burn the traces twice, at first before they are completely 
dry, and a«' in whenever dead leaves fall on the traces after 
the grass baa been burned ; dead leaves should bo swejitaway 
or burned, in order to render the trace impassable by fire. 
This leaf-burning is, however, a simple operation wjiicb may 
be carried out by three or four men, whilst the first burning 
in (ieiise tall grass may reipiire '20 wen, or nioi-c. 

, If by accident, during the Inii'iiiiig ot a fire-trace, the fire 
should get into (be forest on either side of il, the further 
burning ot the trace must be suspended until the fire in the' 
forest has been extingnisbed; to do ibis it must be attacked ' 
on both sides by the gang of men and driven into the shape of 
8 wedge. 

One or two trustworthy men sboiild follow the firing gang 
on either side of the trace, and sbonid carefully extinguish all 
gmouldering embers on the guide-lines, and throw all burning 
^twigs and pieces of wood from the latter on to Ibo middle of 
Ithe trace, it that there may be no ixtssibility of the forest 
catching fire from the very means which arc taken to protect ii'.l 
1 Very full details as regards the practice of burning fire-'l 
losses are ^yen in Fernandez' Indian Sylvicnltare, and need^ 



pot be repeat^ here,-as in Europe the work of burning flre| 
pines is much simpler than in hot countries. i 


t. Walrliinii Ik Foml.t. 


During the dry season, alter all the fire-traces have been, 



cleared, and until " 
sufficient raij has • 
fallen to render the 
forest safe from fire, 
it is often necessary 
to appoint special 
jiatrols to watch the 
forest, in addition to 
the ordinary protec¬ 
tive establishment. 
These men warn all 
passengers along 
the roads of the- 
danger from lire, 
sweep off or bum 
dead leaves on the 
iire-traces, relieve 
one anotlier in 
night - watching, 
and instantly report,, 
all cases of fire to- 
tbe forester anf 
forest guards, when, 
organised measures;; 
can be taken to ex: 
tinguish it. Inf 
some cases, seatti; 
are made for the*: 
fire ■ watchers i^f 
trees, with ladderaj 
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Wherever peat occurs in the forest soil, itcpp trenches should 
be dug round the pent dejiosits to isolate them from iwasible 
forest fires. 

c. Conduit of Thinump. 

Ewly and careful thimiings should he made in young 
coniferous woods, and all dead hrauehes should he pruned off 
and removed. The least that should he done is to clear the 
boundaries of all compartments of dead w(xid to a breadth of 
80 to 4i) feet. 

/. ,1/</)!</ itiiilmii/-Uiie.i. ^ ■ 

Fire-traces must he kept clear of woody growth, end of dead 
leaves, heather, and other inflammable material along all 
railway lines passing through forests. Most forest fires due 
to sparks from locomotives break out within 80 feet of a railway 
line, but to render the tire-traces (piite offiictive, they should 
be 60 feet broad. The French law regarding forest-fires in 
the Maures and Esterel, makes such tiro-traces compulBory 
along all railway lines running through the forests of those 
Ilqiarti'mnit*. 

A short act, for the United Kingdom, named the Itailway 
Fires Act, became law on the 4th August, IttO.'), making railway 
companies liable for damage <lone to crops, to the extent of 
£100. This limit to the value of the damage does not meet 
the necessities of the case, as regards extensive woods on dry 
sandy soil. 

g. Itiiculii ami Hidfo in the Fomt. 

The network of forest-roads and rides may afford consider-' 
able assistance against fires. In order to protect the forest on 
either side of roads from any risk of fire from sparks from 
pipes, etc., of travellers, or cartmen, all inflammable under¬ 
growth and dead leaves should be cleared from the roads, and 
from a strip 10 to 16 feet broad on either side of them. 

Some of the rides may be cleared as fire-traces, and wheid 
Ahe prevalent winds are from the west, it is Iretter that ridff 
^.be cleared as fire-traces should be at an angle of about 7| 
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■aegrees to tue wind direction, as it is easier to bum thei^, anii; 
they afford a broader barrier to a fire coming from the west; 
than if they wore simply at right angles to the direction of 
the wind. 

Besides roads and rides, watercourses often form effective 
;fire-traoes when the undergrowth is cleared away and burned 
oft only one side of the watercourse at a time, but cro^ssing 
the watercourse at its bends, so as to form a uniformly broad 
trace. 


h. Str (if Worliiiiji ,SW//n//,s-. 

Where forest fires are to he feared, the working-sections 
should he comparatively small, so that there may not be 
extensive traists of young woods, in which the danger from fire 
is greatest over large areas. 


/. I'lcai-Kdte if FdUng-Ams. 

The felling-areas should he rapidly cleared of all refuse, and 
the produce of tho thinnings also removed quickly, especially 
,in the case of faggots from coniferous trees. 

When workmen slciqi on the felling-areas, great care must 
be taken us regards smoking, and fires sliould he allowed only 
inside their huts, which should be surrounded by broad fire- 
traces, as the wind might otherwise blow sparks into the forest. 
In jiarts of Northern India, during the hot dry months of May 
and June, it has been customary to suspend all timber works 
owing to the risk of fire from the woodmen and carters, but 
these men can easily be taught to guard the forest from lire, 
pd it is doubtful whether this restriction is necessary. 

j. Other Mmmm of rroliftimi. 

Begulations restricting fires and smoking in forests in dry ■ 
seasons, and also regarding the use of fire-arms, should be'! 
made by the State. The most complete State-regulations 
regarding forest fires are those enacted in 1898 by the French 
I^islature. Somewhat similar rules are enforced in British 
India, except as regards railways, but they apply only to certain:; 
State forests. The private forest-manager must see that att'i 
^State regulations regartfmg forest fires are observed, and 
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‘inskucUhe workmen engaged in occupatious endangcrTiigy’’' 
forest, such as charcoal or lime burning, what prokyv;;;:', 
measures they must adopt, and should see that his iiistr^ ‘ 
are followed. 

In the British Isles, in addition to the law regarding fires 
caused by locomotives already referred to (p. (151), there is 
a S(j)tch law (13 Geo. HI., caji. 54), making it illegal a 
burn muir or heath hnd in Scotland from .llth Ai)ril till Ist 
of November, under penalties of 40»., 115, and I'lO for first, 
second and third offences, with alternative of imprisonment 
for sis weeks, two or three months respectively. 

Daring the dangerous season, the fore.st guards must bo 
constantly on the watch against tires, as well as the iire-patrtils, 
if it has been found necessary to engage additional men. 
All contraventions of the State regulations regarding forest 
tires should be at once reported to the police, or to a. 
magistrate. 

In order to prevent intentional firing of a forest, no ]U'ivilogea 
to cut grass, or to graze, should be conceded on an area which 
has been burned. 

In India difficulties arise with sportsmen, when from fear 
of tires the forests are closed to shooting during a season which 
would be otherwise open. Special permission is sometimes' 
given by Govermnenl to forest officers to open the forest 
temporarily to shooting after a lieavy shower of rain, during the ■ 
dry season, or in order to shoot tigers, or other destructive 
beasts. The shelter afforded to game or noxious animals by, 
high grass near villages may become a great nuisance to the 
villagers, and the forest officers should not carry the jiractiee' 
of protection from five too far in such eases, and it may even 
be advisable to burn off worthless tracts of scrub forest or 
; grassland for pasturage, so as to keep public opinion on the side 
of the forester. On the other hand, Indian State forest officers, 
have direct power to arrest offenders, and to call on all forest 
right-holders and workmen to assist in extinguishing a fire, 
i»nd in certmn cases, 4 )rivileges and rights to forest produce 
; 3 naj be temporarily suspended by the Government, in eases of 
;%il(ul firuig of a forest by villagers, or their refusing assistance 
a fire has broken out . | 



■ 'A system of telephones in endangered forests is extrenielf^ 
' useful, enabling the managers to mass men at jxiints where 
• fire has broken out. In the Count of Frankenberg’s forests,■j 
at Tillowitz in Silesia, sueli a system exists, connecting the .' 
forest guards with the manager's office. 


6. Rules for Kxlimiuiihing Forest Fires, 
a. lleueral Rules 

If a fire should break out in a forest, the manager must call 
on all available labourers from the nearest villages, as well as" 
the forest workmen, to hurry to the site of the lire, and carry 
out the necessary measures for extinguishing it. The workmen 
should bring bill-hooks, hoes, iron-rakes, and axes, and provide 
themselves with saplings or branches to beat out the fire. The 
■ chief object should be to limit the progress of the fire at the 
smallest possible sacrifice of still unburnt woods. This is best 
done by attacking the fire on both sides nearly parallel to the 
direction of the wind, and gradually beating it out in the shape 
of a wedge. The burned area must be abandoned to thetiames. 
The result depends on the presence of mind, courage, energy, 
decision of character and practical directions of the head 
forester present, and on the obedience, zeal and skill of the men. 
The chief forester present must be thoroughly acquainted with 
the locality, as it may be necessary to sacrifice an area of, 
unburned forest by counter-firing. In order to detect at once 
any fires arising from sparks which may cross fire-traces, men 
must be posted at all threatened points around the actual fire.1 
As it may take several days to extinguish an extensive forest 
fire, arrangements may be required to work the available labour' 
force by relays, and to supply the men at work with food and, 
drink. 

I In countries like India, whore forest fires are common,'; 

' . . i 

wherever tlio villagers willingly come forward to help in extra-..; 
iiguisbing files, concessions may be made to them of dead'; 
firewood or tliatchiug grass, and in cage of the fire bacning| 
:ihe houses of a village, situated near the forest, the managtHi 
|libnld be ready to help with building and thatching material^J 
ii'ee or at cheap 




’ ftj gnSi localities more than hall the battle against forest j 
fires is won, when the protection of the forest from fire meets 
with sympathy from the neighbouring villagers. 

In France anfi (lormany, it is usual to call out Iho sohliers 
of a regiment (piarterefi near the forest to assist in oxlinguish- 
ing extensive forest fires. 

The cost of extinguishing fires varies between 20 and 50 pe‘r 
cent.*of the damage done; in Saxony, 1889-9.'!, it was 211 l>er 
cent. 

h. (Irinml l-'irf-i. 

The Imniiiig area must bo isolated by digging Irenclios, 
which must lie deep onnugb to provonl the lire from finding 
its way below them. Water should lie ponrod on tlio buining 
turf, or soil from the trenches heaped on to it. 


Surface Fires. 

The fill) should be beaten out with green hranchoH as 
already explained. Wherever there is a dense undergrowth, 



Fig. -MMi.—HaU' uw-d m prt>U'cti"D agaiiiNt fire. 


as in the case of heather, it is better to beat down the fire 
Tcrtically, but where the soil-covering is low, tho branches 
should be used backwards and forwards like brooms to sweep 
it out. 

: At the spot where the fire commenced, workmen should 
dear away a strip of the soil-covering in order to isolate tlie 
fire. Iron rakes. Fig. 290, of a special kind can be us<‘d for 
this purpose with advantage, end unburned litter may thus be 
drawn by the teeth of the rakes towards the workmen, oi 
burning litter be pushed away by using the rake reversed. 

Freshly dug up earth may thrown on the fire. 

/> A clearance, or fire-trace, may bo made in front of the fire 
Ijto stop its further progress. The distance of this from the 
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6t« should be so chosen that the fire-trace may be completed 
be^tb the fire readies it. In making this fire-trace, all the 
Mil-covering Hhould be cut and removed, and if there is ^ 
a trench may be dug, and the earth from it piled up towii,. 
the fire. 

It may be necessary to couulerfire from a road, stream, 
ride or fire-trace; tlie soil-covering is then liurned, nnij this 
fire directed so as to meet the advancing foro-sl tire, when the 
two fires meet and become extinguished for want of fuel. 
This is a very cllicacious remedy, but demands great care, 
and can he carried out only when the air is fi ’ ’ still, and 
the undergrowth not too high, or fire may ignite tiie crowns 
of the trees; it will evidently be resorted to only in extreme 
cases. 

(/. Cnii'u Fim. 

The wooded area must be interrupted by felling a strip of 
trees in front of the fire, which is best done along a road or 
ride. The smaller trees should be dragged away, if there is 
time to do. BO, taller trees should be felled towards the fire t|pd 
their crowns lojiped off, it jiossible. 

Counterllring is of little use against crown-fires, but may be 
tried, if only young growth is burning. 


c. Slrins on Fim. 

When a solitary hollow tree is burning, the hole may be 
stopped with sods or earth. If, however, the hollow extends 
to the top of the tree or through one of its main branches, the 
tree must be felled, after clearing away the undergrowth and 
soil-covering all round it, and the tire should then be extin- 
' guished with walei' or soil. 

7. Wakhuiff the Site of the Fire. 

In order- to guard against a fresh outbreak of a forest fire, 
its site should be carefully watched by trustworthy persons 
Itmtil all further danger is over. In a cojjiferoas forest, 
^ere the soil is deeply covered with dead ne^les, danger d 
rekindling may be incurred for a week or more after the fin 
^ been extinguished, unless rain falls. The 





completelj round tlie burned area and see that it is 
properly isolated from the surrounding forest by clearings of 
ifee soil-covering and trenches. All burning pieces of fallen 
'wood on the site of the fire should be covered with earth, and 
wherever any fire reappears, it should be at once beaten out. 

8. Treatment nf Ifboi/s liijiired hy Fire. 

The treatment of burned woods depends on their aye, the 
extent of the/ire and the amount of injury done to the trees. 

Burned youny eon! j'-ons irooils should almost always bo dug 
UP and the area at once restocked. Occasionally young Scots 
pines may put out fresh needles and recover. 

' Ollier eomteroiis iruoiU with uninjured crowns and with 
merely their bark singed may be left standing. If, however, 
the bast and sapwood should be seriouL'-’ affected, it will be 
necessary to fell the trees, and especially if it is subscfiuently 
found that they have been attacked by Ixsetles, us, for instance, 
Myiiophiliii piiiijierdii, L., which will breed in the summer in 
pine woods that have been burned in the spring, and pro¬ 
ceed in the autumn to thin out the crowns of all the trees 
around the site of the fire. Where this is to be feared, it is 
better to fell all trees that are apparently so weakened by the 
fire as to encourage the breeding of these destructive insects. . 

*,e should not, however, be very ready to fell bruaiUeaeed 
'trees, as oak-woods, for instance, sometimes recover after 
im^g burned, especially the dominating trees, but Imh are 
jjndre susceptible to damage by fire. It is better in doubtful 
leases to await the next season of vegetation before deciding 
i%hat is to be done. Young broajleaved woods may be cut 
jl^wlt if seriously injured, but even this operation may be put 
till the ensuing spring, as it may then prove unnecessary, 
i';'. More information is necessary as to whether it is advisable, 
ihi particular cases, to fell, cut back or leave trees that have 
;))een injured by fire. 


9 . ^twance ayainti Forett Firet. 

After several froitlees^attempts to found a society for 
iMaiing forests against fire, in 1895 the Munich Gladbacher 







Fire Insurance Company agreed to insure against dfemage bji 
forest fires throughout Gennany, and appointed a forest 
expert as manager of this branch of their business. ' 
The company insures standing crops of trees up to the age 
of 60 years, and felled timber as long as it is the properly of 
the insurer. Damage in burned forests is assured at its mt- 
talne whenever this exceeds its actual value. The premia 
vary according to the greater or less danger of paiticular, 
crops from 45 i)fenniga to 4 marks per 1,000 marks’of their 
insured value. ' ]''or ordinary crops 1—liO years old— 

Pure broadleaved woods . . 0’85 marks. 

Mixed coniferous „ . . 1'20 „ 

Pure coniferous „ ,. . 2'00 

In Switzerland, insurance against fire has been effected 
(1906) at 10 per cent, of the endangered capital. 

In Belgium, insurance can be effected against forest fires at 
the following rates of premium per 1,000 franca value: - 
Broadleavod woods . . 60 centimes. 

Conifers under 20 years old . 6 franca. 

„ over „ ,. . 5 francs. 


Section II.— Effects of Lightning on Trees.* 

Much has recently been written about lightning and its 
effects on trees, but the causes of thunder-storms are not yet 
clearly known. The action of lightning en trees also requires 
further study. 

1. Mode of Strihing. 

When lightning strikes u terrestrial object it is termed a 
“ direct stroke." ' 

It is termed hot when it sets fire to the object, it is otherwise ' 
cold. 

A hachttroke occurs when the accumulated positive or 
negative electricity at the top of an object, such as a tree, 

, • Klein,''DasOcwittottttddieUasselbebeglcitcniienEtsoheinnogea." 

1871. ■ # • . ‘4 

Bant, “Bet Bliti als Wnldteiderljw,'’ “HomtschrliTrdt ila* Font.' 
IngdWcwiii'' 1873, p. '.17. * 

Bippold. “ Die Emteliuiig det OewittK." Fruil(!iirt-a.-M., 1897, 
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;jtrikeB dbirnwards, the inducing electricity in the cloud 
' having struck in another direction, another tree for instance. 
One theory of the action of liglitning, that of F. Colin, of 



■' MU—Eim true struck by lii'htuufg, Coojyet’a Hill ip’ouadti, 27th .Sc|it.)'lS97. 

^realan, is that whenilightning strikes a tree the wet cambium- 
'i^ms conducts the electrical discharge, and the contained 





water is suddenly converted into vapour. The expansion thhj: 
caused strips off the bark at the points of least resistance,, 
and if the hark be smooth and thin, large pieces of it may be' 
removed (Fig. 291). The wood may also be split from the top 
of the tree downwards, the lightning entering at the fine twigs 
on the top of the tree and running down the stem straight or 
spirally according to the direction of the fibres. 

2. iloiir. 

II. (Irnrriil Amiiint. 

The effects of lightning on a tree are very various; if the 
tree be split, the bark is usually removed only in a narrow 



1 .^ 

Kig. 2112 ,—Ilorijoiitul ligtitniiig-«trolie along ah emu Iswli tree, 
a Four raoton aboTO tlif ground, id i abort dart line, 


strip on either side of the tree, otherwise, occasionally in large 
Bakes. Even in the former case the tree generally dies, it ■; 
may be after a few years. 

In other cases, pieces of wood are split off the stem, of all i 
sizes up to several yards in length (Fig. 298). The lightning 
has even been known to enter a beech tree 100 years old, in 
Hessei, on the 11th July, 1886, horizontally and then sfeifalV 
down through its axis, as shown in Fig. 2^, Sometimes lugjg 
arms of a tree, or its whole crown, havffbeen broken off 
^hilling. As a rule, the h|^itning runs down fee 
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^ ground, but in 8 cent, of tbs cases observed it passed 
off to other trees before doing so. 

Neither carbonisation nor tearing open of colls have been 
observed on trees struck by lightning. 

The injured parts observed on tlio stem or main bmnclios 
of a tree are never the first iKiint attacked. The lightning 
almost always strikes thn fine topmost twig.s (the best con¬ 
ductors), and ))roceeds thence along the main boughs and 
stem. It then generally follows the direction of the fibres, 
the path of least resistance. ■ It the fibres are twisted, it 
follows a spiral path. The cambium, wood, and pith of a 
tree struck by lightning become discoloured, and often tho 
topmost leaves turn brown, those below remaining groon. 

Very little is known rojirdiiig the effect of lightning on the 
iwtir stiwtiiir mill tirhniail qmilitii nf limhr. It is assumed 
that wood struck by liglitniiig has its hardness and strength 
rednccd. IVood and l)ark-lie(itle.s, wood-wasps and fungi, 
attack tho tree, whiclt soon dies. It should therefore he felled 
and converted as soon as possible. 

IVhen an unsound tree is struck by lightning it is some¬ 
times set on lire, and tho lire may then spread to the 
SiuToimding forest. 

It has also been repeatedly observed in coniferous forests, 
that someliuies a whole group of trees may die from the 
effects of lightning, the marks of which may only be visible 
on one of the trees. This takes place some time after the 
Occurrence, and fhaves an ugly gap in a fine wood. This has 
been hitherto observed only in crops of Scots pine, spruce, 
silver-fir and larch. It may Ihj the effect of hick-slmki. 
(p. 658).- In such cases the dead trees should bo carefully, 
examined, as bark-beetles have been afterwards proved to have 
caused the death of the unstruck trees in certain cases. . 

The soil may be the cause (p. 004), or small lightning 
strokes accompanying the principal stroke. Such a stroke is 
termed amivttroke. 

b. Accordhuj to Hjurifs. 

All species of treek are liable to be struck by lightning, but 
other species with deep roots apjmr to be most 
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exposed to this danger, perhaps on_ 

forming bettor conductors to the moist subsoil than 

shallow-rooted species. onmiallv bv 

According to the valuable observations made J 

exceptionally. 


Tiiuus Sri’.ii'K IN 


|,n’eu-l>i;TMoiJ', ]h 71—IBilO. 


liridaUiivi',! 


Oaks 
Beech 
Birch 
Poplars 
Ash . 
\Yillows . 
Other trees 

Total 


Cimiftrs. 


;ilO Scots pine . 
iiii Spruce 
10 Larch . • 

(i Austrian pine . 

•j AVeynioulli pine. 

•2 Others 
H 


•m : 


Total 


108 

HI) 

11 

1 

1 


165 


The forest was stocked as follows; 

Oak . • 11 

Beech . . TO ,. .. 

Spruce. • 1'* ” ” 

Scots iiinc . b o " 

lot) 


The danger therefore, considering the beech as 
a snrucc, 8T for a Scots pine, and 60 for an oak. ^ 
Other ohservaUons by Collodon.i Hellmann,, 
Oasoarv give somewhat different results. 


1, was 6 for 
Cohn, and 


t 


- Zwluft. <r. frst. «• 
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Thus Hellmsnn, considering danger for tho beech from 
lightaing as 1, gives— 


Conifers . 

. 15 

Oaks.... 

. 51 

Other broadleavfid trees 

. 10 

Cohn—Oaks 

.•Ml out of 10 trees 

^ Poplars . 

. 12 i fitruek. 

’ Caspary—Oak.s . 

. 15i out of !)!! trees 

Poplars . 

. til 1 struck. 


0. Hess (1H90) found that pyriiniidal poplar is often struck, 
and that in eight out of tho ten eases' lie observed lightning 
passed from the tree- toa neighbouring building. Poplars should, 
therefore, not be too near lo buildings. 

According to C'ollodon, near the lake of (leneva, jwplarS’ 
rarely suffer from lightning. 

In the" lloviic dus Eaiix ct Forets,"'' the results aru given 
of 15 years’ experience in a fure.st cmnpo.sed as follows:—’' 

Oak. IV'M'li. Si'PHoc. I'mc. OllioMt 

I’ereentage of trees . . 11 70 •!:! (1 ■- 

Trees struck by lightning . 1.1'.) 21 20 M 20 

llelative freiiueucy . . 18 1 5 tin — 

This agrees generally vilh the results obtained in Dotuiold. 

Similar observations were made in tho Bavarian State 
forests, 18 h7~1h<jo. 


of area (icfttigied ! 
by cjjfli «i)cci(:'*, j 


/cots pine . 

. 1.81 

30'8 

Spruce .... 
Silver-fir 

. 88 

. (17 

' IPoO 

) 

Oaks .... 

. 01 

1-82 

Soft woods (broadleaved! 

. 11 . 

2-11. 

Larch .... 

. 7 

0'.58 

Beech .... 

. 7 - 

10-7‘J 

Total . 

. 372 1 Total . 87:1)5 


* Kebruajy, 18y4.p. 7^ 
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In the Saxon State forests, in 1897, the first year t^at svKsfc^ 
observations were ma3e, it was found that the danger for oak 
was six times that for conifers. 

On the whole, from these observations it is evident that 
local circumstances such as proximity of lakes, dampness of 
soil, density of growth, Imlthy or unhealthy condition of 
trees, affect the question whether one species will be more 
liable to attack than another in any particular locality. 

Some experiments as regards the conductivity of electricity 
by wood have been recently made by Jonesco, of the Wiirltem- 
berg Society of Natural Science. In those experiments Holz's 
electric machino was used. 

1 turn passed the spark through oakwood, 

12 to 20 turns through beech, 

5 turns through poplars and willows. 

The use of heartwood or sapwood and slate of dryness of 
th^wood made no difference in the results, but the richness 
of beech in oil prevonls its being a good conductor. 

Fischer (“liiologie der Holz Gewiichse” *) distinguishes 
between oilji trees and slarchi/ trees. In oily trees, the elaborated 
starch, during winter and spring, Itecomes converted into oil and 
passes into the pith, wood, and bark. Part of the starch in the 
bark also becomes converted into glucose. In the starchy 
trees, the reserve starch remains unaltered between autumn 
and May. 

The green wood of the oily trees (.beech, walnut, birch, 
t lim<^eBi)ecially wood very rich in oil, is a bad conductor of 
. electricity. The starchy trees (oak, poplar, maples, ash, elm, 

• mbits) are good conductors. Conifers are intermediate, the 
^Scots pine in summer being as poor in oil as the starch trees, 
but rich in oil during winter. After the oil had been extracted 
from wood of fatty trees by moans of ether they became as 
good conductors as typical starchy trees. 

^.. Slarchy trees are tiimjore marc in danger from lightning than 
^ trees. 

c. Locality. 

'|, Damp ]|^8 conduct electricity well, but in diy places when 
& light^g has reached the ground, it m.ay spread 
fUr wmeaicliattllche Botaiiik,” Bawl nUL, 
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|‘'ioot to root of neighbouring trees and canse them to die in 
js^oups. 

It is probable that when sound well-conducting trees 
j^growing on damp soil are struck the lightning passes 
rapidly down to the earth without causing much breakage, 
bat that when rotten wood is met with, which is a bad 
condijptor, the crown or branches may be broken, or even 
*the tree set on fire. 

The relative frequency with which trees are struck on 
different soils in Lippe-Detmold is given below 


Loam . . . , 

. 220 

Sand ... 

. 118 

Clay. 

. 8-1 

Kcuper marl 

. 115 

Calcareous soil . 

. 28 

Flooded land . 

■1 


This may explain the greater danger to trees from lightning 
in North Germany as compared with South Germany and 
Austria. It is also possible that loam and sand, producing 
most oaks and Scots pine, have high figures, while on 
calcareous soil tlio beoch iircdominates. 

Trees are said to be more frequently struck by lightning in 
badly wooded plains than in well-wooded mountain districts. 
This is true for the bare middle Ithine valley and its adjoining 
wood-stocked hills. 

It is supposed that dense forests act as conductors ^nd 
allow electricity to ]iass gradually from the earth to the 
clouds, whilst clearing the land of forests increases the heat 
pf Bummer and hinders the neulrulisution of the electricity of 
the clouds. 

d. 'Dmihj af Of op aiul i'(fndUm of Trm. 

, Lightning, according to Hess, strikes in i)reference trees 
standing free from their neighlKHirs^ those in avenues and on 
the border of a wood and also trees dominating over the rest 
pf a wood. 

Sj'rfiound trees are more frequently injured than unsound 
but. dry trees may be struck, and stag-headed oakg> 
|ip|. Irequently smashed to pieces by lightning. Thus, a''. 
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positively electrified cloud induces the separation of the 
electricity in a tree, driving the positive electricity into its 
roots and the earth, whilst the tree becomes charged with 
negative electricity. The strength of this charge becomes. 
weakened by gradual discharge into the atmosphere from the 
numerous twigs and leaves in the crown of a vigorous tree. 
On the contrary, a tree with many dry branches and scanty 
foliage becomes thoroughly charged with negative electricity, 
and when, struck by lightning receives a more violent shock 
than a sound tree. 

f. ^it•ason. 

In Central and Western Europe the most frequent thunder¬ 
storms are in Juno and July, between 3 and !> p.m. or 1 and 
2 a.m. These storms usually pass from S.W. to N.E. or 
from W. to E. 

In the case of heavy rain before the lightning-stroke, the 
trees become better conductors, and are more liable to be 
struck. 

The average rate at which thunder-Btorms travel in South 
Germany is given by C. Lang, the result of five years’ obser¬ 
vation, as mile.s an hour, which agrees with French 
observations. In 1886, the greatest rate was 49 miles, the^ 
least 6| miles, an hour. 

3. Ikijistn of Damage by Lightning. 

The frequency of thunder-storms in Central Europe decreases 
as the latitude increases and in proximity to the Atlantic 
Ocean, as the following average figures show 

Number of Tliuiuler*6tonD& 


Name t»£ Country. , 

per EDiium 

Italy.* . 

. * . 88 

Austria. 

. . 23 

Hungai'y, Baden, Jliiirttemberg. 

. . 22 

Silesia, Bavaria, and Belgium . 

. . 21 

Holland. 

. . 18 

Saxony and Brandenburg . 

. . 17 

France and South Eussia,. 

.. ..16 

Spain and Fortu^ . . 

. . 16 
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Number of ThutufiT-sbiraiB 


Name of (.'oanlry. per annum. 

Schleswig-Holstein, Mecklenburg, Hannover, 

West Prussia.13 

^orlh Russia.10 

[little Russia.9 

Sweden and Finland.H 

England and Swiss Alp.s . . . . 7 

Uorway.1 


There has been no increa.5e in the la.st thirty years in tHe 
number of tliunder-stoniis in Germany, Austria and Switzer¬ 
land, but in most other Euro[ioan countries their frequency 
has increased almost threefold, and this is considered to be 
due to increase of railways, raolallic roofs and pipes for gas, 
water, etc., inside houses. The increased smoko from factories 
also favours thunder-storms. 

Some interesting facts regarding trees killed by lightning 
are given below. 

1848 (early in .July); Fifty-two Scot.s pines about 125 
years old were killed by lightning at Sprillgehorgo, in 
Hannover, only one of them liciug directly struck. 

1865 (spring): Seventy 00-year-old spruce trees, only one 
of which was struck, were killed by lightning ii» the Harz 
Mountains. 

1868 (11th May): A ijrcm spruce tree struck and burned in 
Kothenwald, in Reuss. 

1876 (17th July): After a long drought, a dried-up moor 
stocked with a thicket of 11-yoar-old Scots pines and' 
spruce was feed by lightning at Aurich, near Neuenwalde. 

1887 (summer); Two lightning strokes about 70 feet 
apart killed all the trees on about one-fifth of an acre stocked 
with Scots pines and a few beech near Neustadt. 
i. 1887 (16th July): Seventy-two large spruce trees were 
■ killed by one stroke of lightning at Brtiekenberg. It was 
' clearly seen from marks on the branches that the lightning 
had passed from tree to tree. 

: 1891 (summer): On a road in Ober Hesse lightning struck 
twelve Waoden posts (sprucw poles 8 feet high and 2 inches in 
|:dtecter) that were supporting plants of sycamore and oak 





planted along 100 metres of roadway. No injury was donelf^- 
the living plants, but all the supports were struck and spli^| 
the lightning passing through the ground from one post ^ r 
the other. 

1895 (10th June): At Bockling, in Graf Sehulenbnrg’s 
forest, lightning set fire to a crop of 15-yoar-old silver-fir, 
the fire extending over about sixty acres. 


. . 





Fig. 393,—Oak tree eCnick by iiglituing, St. Araand, near Val©ncieiinc% 
23rd July, 1396. 



PART VI. 

PEOTECTIOSf AGAINST CERTAIN DISEASES OF 
FOREST TREES. 




CHAPTER *1. 

GENEBAL ACCOUNT OF THE DISEASES OF PLANTS. 

1. Vefimtm, 

A F 0 EE 8 T plant is said to be diseased when, owing to 
disturbances in the functions of its organs and in the 
chemical or physical processes going on within them, it 
assumes such a condition that it is hindered from further 
useful development and may consequently die, either wholly 
or in part, liisease therefore causes blanks in woods of all 
ages, and also loss of wood-increment and consequent 
reduction in their value. 

2. Vuiisn <if IhKi'unc. 

Many different causes of disease in forest trees may occur, 
for instance, old age, injuries by men and animals, injuries 
by parasitic plants (weeds and fungi), by atmospheric agencies. 
Disease is also due to certain local circumstances, such as soils 
too poor in the chemical compounds necessary for plant-life, 
soils too dry or very wet, too compact or too loose, etc. 

Although much progress has been made during the last 
. twenty years in the study of the diseases of forest trees, a 
wide field is still o^en for discovery in this respect. 

8. Classification of Diseases. 

The diseases of forest plants may be grouped according to 
flieir origin, the nature of the organs which are attacked, the 

• ' * A capital account of the conditions of environment which encoumgc disease 
to a plant is given in the Proceedings of the Hoyal Boc., vol. 47, ‘'The Croonlaa 
Lectaie,” by H. Marshali Wwd. 

' Hartig, Dr. Bobert, “ Lehrbacj^r Banmkrankheiten." Berlin, 188b. 

Prank, Dr. B.," Die Krankhei^ der Pflanzen," 3 vols., 1896. 

; “‘ Soraner,' Dr. Paul, “ Zeitschrift to Pfianzerkrankheiten.” S uttgart. Thi^ 
’y|ecicdical commenced to 1891 * 



!*5progre8fl of the disease and its importance in 1 
■ four headings have been considered in the following list'J- ,, 

1. Diseases arising from pliysical agency (frost-crack, bark 
blister, etc.) and those from physiological causes, such as red' 
and white rot. 

2. ImcoI diseases, such as of the roots, or of the stem, bark, 
buds, leaves or shoots, or of the inflorescence and fruits of the 
trees. 

8. Acute or rapidly developing diseases, or chronic diseases 
which develop slowly. . 

4. Diseases which merely cause loss of increment, and 
others which afl'ect the economic value of the wood, the latter 
consisting either in an abnormal growth of otherwise healthy 
woody tissue, such as burrs, twisted fibre, etc., or in an 
unhealthy state of the tissues, as in red or .white rot. 

Tlie worst kinds of damage to forest plants by men, 
animals, plants, and atmospheric agencies have been already 
dealt with in the preceding chapters of this book. For the 
study of abnormal growth in healthy wood-tissues, the reader 
is referred to treatises on Forest Utilisation. In the following 
pages will be described certain diseased conditions which 
could not well be classified under any of the foregoing heads 
and are limited to the folbwingred rot, white rot, stag- 
I. headedness, ahnormal needle-shedding, and damage by factory 
: fumes. 


CHAPTER IL 


BED EOT.* 

1. T>mripthm, 

Red dot is a decomposition of wood, liy which its elemen¬ 
tary organs are gradually detached from one another, and it 
becomes eventually converted into a loose-textured mass, at 



Fig. 291,—Section of a ipracc sudVring from red rot. 
a Sound wood, h Di->t'olourctl wo-id where decay has comnieuced. 
c liottcu wood. • 

first reddish-brown and passing through a dark brown con¬ 
dition into a peaty substance resembling humus. Fre¬ 
quently whitish mycelia may be noticed traversing the wood 
: longitudinally. 

Bed rot (Pig. 294) occurs, according to its position, as root, 
etump, stem, or branch-rot. A transverse section through the 
rotting wood shows a great variety in the phenomena and 
course of this disease, often in the same tree. Either certain 

.' * WiUkomm, Dr. Moritz, “ Dio Miiroepiiichen Fcindc des WaMea.” Dresden^ 
fsJlBeS, pp. 81 and 219. Hartig, Dr. B-i “ Die EotlSoIe der Fichte,” “ Monatscbrift 
daa Foret and Jagdwesen,” 1877, p. 97, an eiceUent and compreheneite worlt. 

X X 
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annual zones or groups of annual zones of wood betw^ ihe 
heart and sapwood are attacked,* or the disease occurs in " 
patches, or attacks merely the central zones of the tree or 
branch. The sapwood is never attacked by red rot. The 
rotten wood may eventually be completely decomposed, when 
it disappears, leaving a hollow cylinder, in place of the heart- 
wood, and this frequently without involving the'death of the 
tree. Sometimes the innermost portion of the stem remains, • 
forming a thin colmnnal, hard strand of wood united with the 
sapwood here and there by similar strands where branches 
have been enclosed in the wood. 

The commencement of the disease may be recognised by a 
light violet or reddish colour of the wood, and by the porous 
spring zones being attacked before the harder autumn zones. 


2. Modifying Factors, 
n. Sjwies. 

Red rot occurs in almost every species of forest tree. 
Among broadleaved species oaks and elms suffer most, and 
among conifers the spruce and Scots pine. The disease 
usually commences at the roots of spruce trees. 

Root i»t usually spreads upwards through the heartwood to 
the branches. It may, however, on the contrary, gradually 
descend from the branches through the stem to the roots. 


h. Age of Tree. 


Red rot is a normal condition of very old trees 
in the case of young trees. It has been observe^ 
from the ago of 10 years and upwards. < 


<,but a disease 
d in the spruce 


c. Locality. i 

Wood may become rotten in all kinds of localitig 
conditions of the soil predispose trees to this di 
are—soils very rich in humus, calcareous soil 
compact or wet and cold, such as clays and peats w 


,s, but certain 
.sease. Such 
B, soils very 
hich are not 


• Termed Alimtriiig in Germwi and lumre in Ftencl 
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RBD ROT. 

properly’aerated, or where an impermeable eubetratum occurs 
at an' inconsiderable depth below the surface of tlie gi-ound» 
Wood also readily rota in places where cattle rest at midday, 
owing to the excrement. 

d. 'I'rmlmcid of Wimh. 

A (iense condition of a wood, efspecially in moist or wet loeali- 
' ties, favours the evil. Tapping for turpentine, barkiug by 
game, and other injuries, such as pruning living branches 
without tarring, frequently give rise to the first symptoms of 
red rot in wood, especially when the trees are growing in 
localities predisposing them to disease. 


8 . Caiim. 

Widely differing ami frequently contradictory hyiiotheses 
have been started to exiilaiu the origin of red rot. bsiially 
it is attributed to external circumstances, such as unfavourable 
localities, injuries, etc., without further inquiry into its possible 
causes. 

The first scientific inquiry into the cause of red rot is found 
in the works of Willkomm (1801)1, who designated a microscopic 
fungus as the sole origin of the disease. lie named this fungus 
Xau’diii-kis lifiiiipi'nla, and another allied form which springs 
from it Rhiinclumycfs viidacnis, which causes the bluish colour 
in rotting wood. 

The question as to the origin of red rot was not by any 
means solved by Willkoumi’s researches, as he merely proved 
the presence of the above fungi in rotten wood, hut did not 
make exj>eriments to infect sound wood by means of their 
spores, so that it remained doubtful whether the fungi were 
thp causes or merely the consequences of red rot. 

Robert Hartig, in 1874, solved this question by proving that 
id rot in the case of spruce, Scots pine, oaks, etc., really arose 
om infection by parasitic fungi. Later on, in 1877, he further 
•oved that, at least for the spruce, unfavourable soils and 
iternal injuries also induced the disease. As we have already 
i chapter III., part II., discussed the infection of trees by . 
ingi, we have now only to deal with the two latter cases. 

X X 2 
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a. UmuUahh Soils- 

' The kinds ot soil whicli induce red rot in the roots of trees, 
and chiefly in their deeper-lying roots, are generally peaty 
humus, calcareous soils, soils containing pans or impenetrable 
substrata of ochrous iron ore, lignite, clay or loam, also very 
fine sand, not infrequently found in the lias formations m 
Germany. Huch subsoils interfere with niration of the surface^ 
soil, the oxygen so necessary for the roots of trees being unable 
to reach them in sufficient quantity. This is due to the fact , 
that the air in soils too compact or waterlogged is gradually 
deprived of its oxygon by the roots of the'plants growing on 
it and by the decomposition of the litter; this loss of oxygen 
is’not sufficiently replaced by the admission of fresh air to the 
soil. The denser the wood, the faster the evil progresses; fungi 
also accelerate the disease. 

In the North-west German loamy heather tract, where pan 
is very prevalent, more than 75 per cent, of the Scots pine 
woods suffer terrihly from rod rot. Spruce, however, thrives 

This form of red rot is more prevalent with larch and some¬ 
times with Scots pine than with spruce, for the roots of the 
larch as well as those of Scots pine penetrate more deeply 
‘into the soil, and therefore rot more readily than those o 
spruce that spread in all directions in the upper layers of . 

the soil. , „ 

Scots pine, however, when grown on shallow soils, can pro¬ 
duce superficial roots like those of spruce, whilst experience m 
Windsor Forest shows that larch growing on a gravelly soil 
above a pan always gets red rot, and this is confirmed by ^ 
A. D. Webster,* who states that larch always gets red rot ■, 
when grown on gravelly soils. 

h. Exknml Iiijurm. 

Trees are frequently wounded during the Mling, con.cio.w*.,; 
and transport of timber. Wounds also arise owing to forest .• 
pasture, game, mice, insects, from pruning green branches, (tf - 
from meteoric influences, frost-crack, bark-scorching, windbrea* * 

» “PrectioalForeat^.” IVilltaui Eider & Son, Loadon, Sad edition, 
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or snowkeak, hail, etc. 'Wherever the living tiasaea of the 
wood are eipoaed, especially where the wounds are not clean- 
cut, moiatnre penetrates into them, unless they are protected 
by antiseptic subataneea, such as a natural flow of turpentine, 
or by tar. With the entrance of water into the tissues, certain 
chemical changes takeiilaco in their contents, and local disease 
may |rise. Spores of fungi also penetrate the tissues, such as 
'the spores of species of Pnhiiiiinis in the upper parts of the 
tree, or of Armillxirea melka, etc., in its roots. 


-1. Ihdiuiitr diJIK'. 

Bed rot affects the teehiiical value of wood in |)roi)ortion to 
its extent and degree of developimnit, and to the innate value 
of the tree which is atlacked. Wood affected by rod rot cannot 
be used as timber, and is only of slight value as fuel. The 
worst form of this disease i.s wlion it attacks a tree's roots, as* 
it then generally affei't.s the uholo stem; the least dangerous 
form is in the hranchi'S. 

It is nut rare in spruce woods tiO—70 years old to find that 
10 per cent, of the trees are rotten, whilst the liability of rotten 
trees to wiudhieak and .snou break is another cause of disaster.. 


ij. Ti’ittlmi’iil of On' li'isi'iisc. 

The rules for combating red rot depend on the cause of the 
disease. 


II. ]\’hm ihii' lo riisitihililf SiiiU. 

Great care should he taken in planting to allot the .sjjeeies 
of trees to soils suitable for their welfare. 

Remove densely growing nio.sses and other unfavourable 
vegetation from dam]) mountain soils. 

■Drain and work U]) the superficial layers of compact soils. 

In wet soils which cannot he drained, plantations should be 
made on mounds or ridges. 

fyi On calcareous soils broadleaved species should he intermixed 
^th Soots pine and spruce; low rotations of 60—70 years • 
l^ld he adopted for spruce. 7 
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k Wkn dm to hijurm. 

Great care should he taken during timber-fellings and 
transiwrt. 

Pruning of green branches should, if possible, be avoided, or 
restricted to branches nndor 4 inches in diameter; all wounds 
made by pruning should he snifearcd with tar. 

All rotten trees and stumps should be speedily removed 
from the forest. 

All measures dictated by forest protection should be strictly 
followed in order to prevent injuries to the trees. 



Fig. 295.—Frost-«rack in an oak tree. Diltabnrg. 
rtioto. by E. E. Matsden. 






C'HArTEll III. 

WHITE EOT.* 

WniiK ROT is <lisliii}»nislie(l from red rot by the colour of 
tile decomiiosinj; wood, w'liicli is of a whitish in.steiid of a 
reddish hue. It is commoner umoiif' liroadleiivcd species 
(beech, horuhoiim, maple, oak, chc.slniit, poplars, and willows) 
than among conifers; it is probably due to .several causes 
combined, hut appears to he chiefly caused by fungi. Wliite 
rot is rarer than red rot, and its course less ra[iid. The 
protective measures to he taken are similar to those against 
red rot. 

• l!,>4Mi;fi'ni'.ll.uuiil.'r‘'Rulml.” AI'o<c.'|., IHI..f ilio |.n-M'iil wiirli. 



CHAPTER IV. 


STAG-HEADEDNESS. 

1. Description and Causes. 

Ii has been already stated that red rot frequently attacks 
very old trees, rendering their stems hollow, but another sign 
of excessive old ago is the death of some of the topmost 
*branches of a tree, which has no longer sufficient vigour to 
pump wa|er so far. The death of these branches causes them 
eventually to break off, and atmospheric moisture is then 
admitted into the trunk, and rot commences and iionetrates 
downwards towards the roots. Stag-headedness may, how¬ 
ever, occur in immature trees, and is then duo to one of the 
following causes 

(a) 'When trees which have been growing in a dense wood 
are suddenly exposed as standards, as in natural regeneration 
in high forest, or after the felling of the underwood in 
coppice-with-standards, the surface moisture of the soil may 
be reduced and the trees consequently become stag-headed. 
In some cases such trees, and especially oaks, having com¬ 
paratively soft bark, owing to their formerly protected state 
in a dense wood, put out numerous epieormic branches from 
the dormant buds along their stems, which absorb the sap : 
that would otherwise reach their crowns. This tends to cause 
8ta|-headednes8, which may, however, be obviated by one or 
two prunings of the epieormic branches, until the bark 
becomes too hard for them to form. 

' (i) In forests of lightdemanders such as oak, larch, ash,; 
Scots pine, the soil may be completely sheltered by the crop 
up to a certain age, but after 40—60 years the leaf-canopy 
ceases to be sufficiently close to protect the soil from the snn, 
which gradually dries it up, and thus causqs stag-headedness 
in the -trees, unless the soil be protected by an underwood ol, 
ehadebearers. This result follows more rapidly on., hj^.^ 
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aspects,*and the more superficial tlie soil, and the more 
porous the suhjacent rook, such as chalk or coarse gravel, and 
the less the rainfall and relative humidity of the air in the 
locality. 

(c) Any interruption of the leaf-canopy in forests of all 



Fig. 296.—“ Foxy” Scots pioo, Windsor Forest, 


kinds may cause deterioration of the soil and conseqtftit 
stag-beadedness. 

(d) Drainage also, by lowering the level of water in the 
soil of a forest, may deprive formerly thriving trees of suffi¬ 
cient moisture, which their roots, adapted to reach water 
near the surface, can no longer absorb in sufficient quantity. 
Trees thus affected may become stag-headed. This happened 
•bn a large scale with baks growing in the Wild Park aj 
l^lsruhe, owing to the rectification of the course of the 
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Ehine, and consequent lowering of the water-levef in the 
soil. A similar reklt followed drainage in Windsor Park 
with regard to some of the elms in the Long Walk avenue, 
and it is not uncommon with alder-woods after drainage. 
Continual and excessive removal of litter from a forest may 
cause stag-headedness in immature beech forest.* It has 
been noticed in certain two-storied coniferous forests in 
North America after the upper stage of trees had been felled, 
and the sun allowed to dry up the soil-covering, that the 
lower stage, the roots of which had spread superficially in 
the layer of dead leaves and humus, became liable to stag- 
headedness and death. 

(f) Stag-headedness in the Scots pine may bo caused, as 
stated on p. 441, by the fungus Pmdermiuin 1‘liii, such trees 
being termed “ foxy ” (Pig. 

It is found that though, in the case of conifers, stag- 
headedness is speedily followed by the death of the tree, and 
beech also sjieedily succumbs when similarly alTected, yet 
that some other broadleaved species, and especially oak, may 
remain stag-headed lor many decades without dying, although 
the technical value of their timber rapidly deteriorates, and 
their tnmks may become completely hollow. 

One of the worst instances of Sttag-headodness, on a large 
scale, may lie seen in the State forest of Com[)i<!gne. Between 
1775 and 171)0, an area in that forest of about 0,000 acres 
was clear-cut and planted by a contractor named Panellier 
witli pure pedunculate oaks. The soil was either very sandy, 
or a stifiish clay, hut wherever on adjacent land oak is mixed 
with beech arid hornlieam, excellent oaks are produced. In 
the Panellier plantations, however, now 100 to 180 years old, 
th#^mind is generally hare of underwood under the oaks. 
The bark of the oak trees is yellow with lichens and they are 
nearly all stag-headed and have ceased to grow, presenting a 
deplorable picture. There are luagniticent sessile oak trees 
more than twice the age of the Panellier oaks en sandy hills, 
called Les Haute Monts, close to these pure pedunculate 
plantations, hut these sessile oaks are mixed with beech. 

• Fiirst's Waldschutji," translated by Nisbet, p. 5». £dmbargb| 1893 
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2. Treatment. 

a. Prermlire. 

i. Maintain the soil-covering of dead loaves, moss, etc., in 
order that the soil may not lose its moisture. 

ii. Keep up a dense leaf-canopy, especially wluu-e the soil 
is shallow and liable lo dry up, and where the suhjacetil rock 
is o4 a porous nature (chalk, f;ravel, etc.). 

iii. Underplant all hieh forests of li^hldemanders with 
a shadehearer, such as beech or silver-fir, as soon as grass 
or other herbage appears on the soil, and fill up with shade- 
bearers any gaps which may have occurred in a forest owing 
to windfall, or other injurious causes. Underplanting oak 
forest with spruce may cause stag-hoadi'diiess, on account of 
the (juautiiy of moisture the Hjiruce ah.sorlis. 

iv. Do not plant sjiruee, alder, ash or jieilunculate oak in 
dry localities. The sessile oak will thrive on well-drained 
hillsides, where it is ho|ieless to plant the pisluneulate oak. 

v. Avoid draining, unle.ss it is absolutely necessary. 

vi. High forest is more suitable than c()ppice-wilh-standard8 
in dry localities and those with superficial soil or above a 
porous rock. 

vii. 'When eiiiconnic, branches a]))iear on oaks and other 
standards in copiiicowith-standards, or on sliindarils left after 
regeneration in high forest, they should he pruned off before 
the next spring. It may be neees.sary to re[ieat the ojieration, 
but after two seasons in the open the bark of the standards 
becomes hardened, and the epicormic branches do not genci'ally 
reappear. In any case the stems of the standards will lie 
gradually sheltered again 1^' the rising underwood, which will 
effectually kill any epicormic branches still on the tree, ^ 

The appearance of epicormic branches on oak trees growing 
in a dense wood is a sign of disease, and such trees should be 
gradually removed in the fellings, as they will certainly become 
sta^-headed. 

b. Renieilial .' 

As a rule no remedy can be adopted when forest trees become 
badly stag-headed, the only measure to be followed being to 
fell them and utilise their timber before it becomes further 
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deteriorated. Slightly stag-headed ornamental trees in parks 
or avenues may, however, be given a fresh start in life by 
trenching the ground under their crowns, breaking up any 
impermeable stratum under their roots, and manuring them 
with rich leaf-mould. Stag-headed trees mayalso be pollarded; 
the reduced length of stem may then enable the roots to 
nourish the pollard shoots sufficiently to prolong the life of 
the tree for several decades. 

3. Addendum. 

The death of trees by “ hkediug io death" a popular phrase, 
iff not uncommon with elms. The bark splits off in the 
spring in flakes from a tree which appears to be quite healthy. 
Sap exudes in frothy masses, and forms a deposit on the 
exposed wood. This continues throughout summer, and it the 
summer be a dry one the foliage eventually fades and falls off, 
and the tree dies. In a case that occurred in the very dry 
summer of IStOO, the roots of the tree had been cut through 
by new drainage works, the tree standing between two 
cross-roads. Not a leaf was left on the tree by September, 
although it was quite flourishing in April, and not more than 
100 years old. 

Bleeding and peeling of the bark has also been observed 
on oak§ in Cumberland (Brayton Hall). New bark was, 
however, formed under the flakes of bark that peeled off. 
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NEEDLE-CAST.• 

1. Di'scriptitm. 

Since tlio end of the fiij;1itoenl!i century, a disease, termed 
iiffdle-emi (in (icrtnan, Si-hulk), lias been roniarked on young 
pines, the external signs of which consist in the gradual 
reddish or reddish-hrown di,scoloralion of tiioir 1- or '2- year-old 
needles, which eventually die and fall off the plants. As a 
rule these symptoms appear first in the sjiring (Vor-U'tnkr 
Schiite), but not unfrequontly also in the autumn and early 
winter {Xiteli-niiiler Sehiilh), and in South (lermany the 
latter often happens in years when the ground is free from 
enow. A steel-blue or violet colour of the 1-yoar-old pine- 
needles in autumn is no sign of disease, jirovided yellow or 
reddish-coloured spots do not also occur; this is an instance 
of the normal winter-colour of many evergreen plants, which 
disappeai’8 as the thermometer rises in the spring, and gives 
place to the ordinary green colouring of the needles. The 
reddish discoloration and death of the needles proceeds from 
their tips downwards, and chieliy ailects the lower parts of 
the plant near the ground. Pines thus affected resemble 
those injured by drought, but at the commencement of the 
disease more or less regularly distributed dark spots ancj 
stripes appear, and later,' in May, small black sporangia of 
the fungus Lophodennium ISnmlri, Schrad.t Also resin 
collects on the sickly needles. The worst form of the disease 
may be recognised when the buds become encrusted with 
resin and dry-up, and then no recovery is possible for the 
diseased plants. 

• Fteilicrr von Ldffelholz, “ Beitrag zu einor kritiseta Kachweiming iibet 
dieSchiitte-kraakheittier Kieler.*’ Berlin, 1865, Hnlzner, Or. Oenrg, “Die 
Boobachtungen liber die Sehiitteder Kiefer imJ die Winterfirbnng immergriiner 
OewSchse.” Freising. 1877. . 

' ' f See p. 165. 
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. Modifying Factors, 
a. S/mm 

The Scots pine saffors most from needle-cast, also the 
black, cluster and mountain iiines. The disease does not 
appear to have been as yet observed on Weymouth pine, nor 
on Pimis ligida, Mill., that is now extensively used for planting 
waste land. 

I). Ai/r of Phiils. 

Two-year-old plants suffer most from this disease, but 3- 
to 4- year-old jilanls may also be attacked, though the 
danger becomes less every year. In years when the disease 
is very prevalent, weakly plants may suffer np to the age of 
15 years, but only up to about G feet from the ground. 


c. Locality. 

Pines growing in all kinds of localities are subject to this 
disease, but it is chietiy prevalent in dain]i or tret places 
exposed to frequent fogs. Thus valleys and plains suffer more 
than hills and momilains, where the snow protects the plants 
during wint(!r. In depressions and in cold valleys, the disease 
is often very destructive. As regards aspect, southern and 
western slopes are most endangered; eastern slopes also suffer, 
but northern slopes either not at all or only exceptionally. 

The soil appears to have some influence on the disease, but 
its effects have not yet been clearly explained. Stein* states 
that Scots pine suffers most on pure sandy soils, but after all 
it is on such soils that most indigenous Scots pine-woods are 
found. Von Loffelholz t has observed that plants suffer lees 
on thoroughly cultivated soil than when the land has not been 
previously broken up, and tliis may be due to the better root- 
systems and superior hardiness of the plants in such cases. 
It afso appears that on peaty soil needle-cast is little to be 
feared, which fact may be due rather to the treatment of the 
pine-forests on such loc^ties than to the nature of the soil. 

• •* Ueberdie Schiitte," Pf. F. Stein, “ Tharaiulter Jahrbuch,” voL riil, 1852, 
208—223, 

t 41, 
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EmmerRng* states that sowings of 1-year-old pines in the 
North German heather-land suffer severely every year from ' 
needle-east, whilst those on the more favonnible, sandy loam 
are not affe:i;id by it. 

It is clear that Scots pine is affected by needle-cast on all 
kinds of soil, but that on loam the plants arc stronger and 
escape the danger better tban on poor sand. 

d. iSbiV-iwwi/if/. 

Il is not yet ilecided wbat inlluence the nature of tbo soil- 
covering has on the dihea.se. It may, however, bo laid down 
as a general rule that ground covered with grass or weeds 
is less liable to it tban bare localities, but tbo favourable 
inlluence of the soil-covering may be countorbalaneed by 
other can.ses. 

c. S'l/di'iii nf Miiiwi/eiiifiil. 

Under a shelterwood, the young pines may entirely eBcafre 
the disease, or suffer only slightly, and lateral shelter from old 
pinc-wocals acts favourably by reducing imsolation and I'adiation 
of bent from the ground. On largo clearings, pines ai'e almost 
always subject to needle-cast. Areas densely sown late in 
the year suffer most of all, when the individual jilants have 
very small root .systems and thin elongated stems. 

/. Il'cflttrr. 

The disease is most frequent in March, April and May, 
and a wide range of temperature, such as warm sunny days 
and cold nights with rime, favours it. Cold, dry easterly 
or north-easterly winds increase the evil. 1 Hiring cloudy, 
rainy weather in spring, the disease may not ajipear at all, or 
only slightly. It is also more frequent after damp winters 
with light snowfall than after the ground has been well 
covered with snow. 


3. Oefifiraphical Rungn. 

The disease occurs wherever the Scots pine is cultivated, 
hut is less common in colder countries, such as Russia. It 

• “ Unlewadliunguberdie llrsacho dcr Kiefenwchaite in Schle«wig'HolfJt.em,’J 
t Dr. jL ilinmftriing and Dr. 0. Logea, “ Allg. Frst. u. Jgdxtg.,” 1662, p. 135. 
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is not prevalent in the British Isles. In Germany ii appears , 
to be connected with the extension of clear-catting and 
planting, which, since the end of the eighteenth century, has 
so largely replaced the system of natural regeneration of the 
Scote pine. In the damp, cold years IS.'iO to 1852 needle-caet 
was widespread and very destructive in North Germany, and 
again in 1881 to 1884. Pine-plants which have once suffered 
from it are liable to he again attacked, as they are g?eatly < 
weakened by the disease. 

4. Causes. 

Numerous reasons have been given for the needle-shedding 
disease, as quoted by both Yon Loffelholz and Holziier. The 
nature of the soil, the state of the weather, and combinations 
of these have been cited. Some think that Lophodermkm 
VinasUi is the sole cause of the evil, whilst others hold it to be 
due to a more rapid transpiration of water by the needles than 
the roots of the plants can supply. It is therefore probable that 
we have here to deal with many causes acting in combination, 
one with another, but these may be reduced to the three 
following 

Needle-cast fungus, Lophodermium Pinastri, Schrad. 

frosts, and especially early frosts in autumn. 

Insufficient absorption of water to supidy that transpired 
by the plants. 

We have therefore to deal with three forms of the disease:— 

(«) Pun|oidal needle-cast. 

(b) Frost needlc-cast. 

(c) Dry needle-cast. 

It is difficult to distinguish these causes from one another, 
as the fungus is always present, though frequently it may be 
only secondary. 

a. Fmgoidal Keedle-mst. 

The necessary account of this disease has been given above 
on p. 465. Hartig,* Prantl, and Tursley have supported the 
fungus theory, but many phenomena appear which con¬ 
tradict it, lor example, from the disease beginning at the points 
. • Hartig,'* Lelirbucli der Baumki-ankheiten.” Berlin, 2nd editioB, 1889;' 
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of the ifeedles, and the lower parts of plants suffering most, 
and above all, from the fact that the disease frequently appears • 
in a single night, and is much commoner in broadcast sow¬ 
ings than in natural regeneration-areas. Hess has freipieiitly 
observed the needles to have been attached in every plant 
on a nursery-bod, after one night's hoar-frost succeeded by 
a sunny day, and this altogether excludes the action of the 
funfffis as cause of the disease. Moreover, infection by the 
fungus, which is favoured by heat and damp, would be easier 
under a shelterwood than in the open, which is not the case. 
The LoiMcmiiim is, however, widely spnsad as a saprophyte 
on dead needles of pines, as well as on those of the spruce and 


juniper. 


h. Fivxl Nmlle-mnl. 


G. Alers* and Nordlingert have proved that the disease is 
frequently due to refrigeration of the plants on unprotected 
soil free from snow, by radiation from the soil-covering, and 
this opinion has been adopted by most practical men. Generally 
autumnal frost is the cause, and late frost is not injurious, 
except when there is a gi’eat difference between the night- 
and day-temperatures. The fact that on older plants only the 
lower branches lose their needles points to frost as the cause. 

Frost neodle-cast is common after wet, cold summers, during 
which the young shoots of the plants have not been properly 
lignified. Only late frosts can account for the needles turning 
red in the spring, but experience has shown that they are not 
nearly so destructive as early frosts. The fact that needle- 
cast is so prevalent on clearings, in depressions and valleys, 
and on uncovered ground where there is no obstacle to radiation, 
renders it probable that in many cases frost is the cause of the 


r. Dry N’erille-rml. 

The drying-up theory of the origin of needle-cast was 
first published by Ebermayer,; who, during the progress of 
his observations of soil-temperatures in the Bavarian forest 

* Alers, “ Centrlbl, fr. daa gcs. Krstw,," 1878, IJ. K12 ; 18i)3, p. 81. Also 1880, 
p. 156 ; 1882, 1.59; 1883, p, 2:>y. 

f Nordiinger, “Krit. lilttr. fr. Frst. u. Jgdw.” vol. xlvi., 186.1, p. 18.5. 

J “DiePhysikftlwchenEinwirkungcn desWaldes in dor Abhamlluug,''‘*Thar^ 
F»tl. Jbrbch..'* vol. xxxiv., 1884, p. 1.58. 
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meteorological slations, was led to adopt this vief of the 
matter. His theory is, shortly, as follows:—The yonng Scots 
pine plants, owing to the frequently high atmospheric tem¬ 
perature in March and April (66“ to 77° F. in the shade), 
are on sunny days compelled to transpire freely. Although 
the soil is wet enough to replace the loss of water by trans¬ 
piration, the action of the roots is restricted by the cold soil, 
the temperature of which may be only 40“ F., or less, ^own 
to a dejith of 4 feet. Hence the little plants wilt and the 
needles dry up and die. This is not due, as in dry suminerj 
to the absence of moisture in the soil, but J,o the inabiljk 
the roots to absorb water in the cold ground, andtnd^® 
abnormal drying-up of the needles ensues. P™ 

This theory will not explain needle-cast in autumn;^® 
the soil is warmer than the air, but when the needles are caSf 
in the spring, it is in complete accordance with the observa¬ 
tions recorded on pp. 686—7, under the headings “ Locality ” 
and “Weather.” Sandy soils cool down at night to lower tem¬ 
peratures, under similar conditions, than clays, and wet soils 
become colder than dry soils. Insolation is greatest on bare 
southern aspects. 


5. Damatjc done. 

As a rule, needle-cast is not fatal to the plants, and those 
which have been attacked may recover, provided their terminal 
buds are still uninjured. Naturally, however, the injured plants 
languish for some time and are very liable to be attacked by 
insects. If, however, the disease recurs, and the terminal buds 
of the plants suffer, they have no chance of recovering. 


6. Tmimetil. 

As proper treatment of the disease will depend on its 
origin, the present section will be divided into headings 
according as the disease is due to a fungus, frost or the drying 
up of the plants. The method of contending with the attacks 
of the fungus has be^n already described on p. 465, and only 
the two latter causes will be dealt with here. 

a. Frost. 

i. Begenerate Scots pine woods under a shelterwood. 
Avoid large felling-areas in clearing Scots pine woods, and 



needle-cast. 


691 

wDeiwa', owing to circumstances, natural regeneration is 
impracticable, narrow strip-fellings should be effected, in* 
order to afford the young plants lateral shelter against 
the sun. 

. ii. Avoid sowings, and especially broadcast sowings, in 
artificial reproduction of Scots pine. When transplants are 
scarce it is preferable to sow early in the year, in drills 10 to 
‘ 12 ilfehes apart. Densely growing seedlings should be thinned, 
and a mixture of spruce with Soots pine-seeds acts favourably, 

' the spruce protecting the pines. 

iii. Yearling pines arc best planted out with balls of earth, 
“ans of Ileyor’s circular spade, so that all injuries to the 

. Sowings of Scots pine should be abandoned in narrow 
' deep valleys and in depressions. 

V. As regards Ibrest-nurseries, the following rules hold 
good 

(a) The nursery should be in an exposed situation and not 
too small in area. It should, if possible, be higher than the 
surrounding land, never in a depression, or nearer than 50 
yards to a wood to the west. 

A wood to the we.st of the nursery reflects the rays of the 
sun on to it, which, heating the soil, cause early germination 
and shooting of the plants. This also favours stagnation of 
the air and late frost. 

(5) Beds of seedlings should be covered with dead leaves or 
moss, leaving only the tops of the plants fn*. 

• (c) The beds may be protected by coverings, which should 
not be too dense. They should he placed at about a yard 
from the ground, towards the end of September, and before 
the first early frosts, and may be removed as soon as late frosts 
in spring are no longer to be feared. Throughout the winter, 
the covermgs may be partially removed during bright days, 
but should be replaced before sunset. If the coverings are 
placed lower down, the plants suffer from insufficient aeration, 
W coverings such as are here described have proved very 
efficacious in different parts of North Germany. 

(d\ Seedlings may be sprinkled with fine dry soil at the 
beginning of September, so that only the needles remain 

Y Y 2 
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uncovered. In case the earth should be washed awayTiy rain, 
it must be replaced. 

(c) Nursery-beds should be manured with decomposed 
beech leaf-mould. This has been strongly reeommended by 
several foresters, and a coating of about 1 to 1| inches appears 
to bo sufficient. This prevents sudden wide ranges of tem¬ 
perature in the surface soil, though it is not clear on this 
account why beech leaf-mould is preferable to other sifhilar ■ 
manure. It is stated, however, that heather-humus when used . 
instead of beech leaf-mould does not prevent needle-cast. y 

if) When‘2-year-old plants are used, the yearlingSjf'gf^j.p'’' ;e 
lined out in nursery-lines. 

i. Dr// Nmlle-ritil. 

The principles to be followed in the case of this variety of 
the disease should consist in plans for raising the temperature 
of the soil, and reducing the intensity of the light, in order to 
increase the activity of the roots and reduce transpiration. 
Attempts should also be made to increase the powers of 
resistance of the plants. 

Soil-tmpmture is increased by the following measures 

i. Draining wet soils. 

ii. Deep cultivation and manuring, for instance with burned 
turf, but these measures can be undertaken only in permanent 
nurseries. 

iii. Raising the level of the soil about 1 foot in places pre¬ 
pared for sowing or planting. This method is useful for other 
reasons, and especially in the case of compact or wet soils. 

iv. Covering the intervals between rows of plants in the beds 
with substances that are bad conductors of heat, such as 
moss, dead leaves, etc. 

Intensity of liyht is reduced as follows 

v. Reproduction of Scots pine under shelterwoods, or with 
lateral shelter. 

vi. Sowing Scots pine with leguminous fodder-crops, such 
asi lucerne or saintfoin. This has given splendid results in 
Brandenburg and Mecklenburg. 

^ vii. The hardiness of the plants is increased by giving them 
plenty of space from the first, by carefully preserving the 
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fibrous rootlete during transplanting, and by using transplants, 
with balls of earth round their roots. 

7. Condusioti. 

From the above, it is evident that the two varieties of the 
needle-cast disease may be treated similarly. Needle-cast, 
owiijg to the fiuigns, would indeed be favoured by some of the 

'is given under (a) and (It); for instance, reproduction under 
.r ^ler, and manuring and covering with Scots pine-branches. 

Two other methods of protection have recently been sug¬ 
gested, but Hess has no experiencf; of his own regarding their 
eflicacy. Tiiey arc as follows 

i. One or 2-year-old plants may be carefidly dug up at 
the end of Se|)teml)er or beginning of October, when lliey 
have assumed their normal winter colour, and placed in rows 
in a bed of loose earth raised 27 to 80 inches from the ground, 
and then covered loosely with a few dead leaves. The plants 
will be green and in good order for planting in the spring, 
when other plants left, in the imrsery-heds have become 
quite red. 

ii. According to the other method, trenches are dug 24 to 
27 inches broad, and 80 to 40 inches deep, and the plants 
placed in rows at the bottom of the trench with earth l)etween 
the rows, either in autumn or in early spring. Sticks are^ 
placed across the top of the trench at distances of 0 to 8 
inches, which are then covered with branches of Scots pine, or 
of silver-fir. Spruce branches will not do, as the needles drop 
off too readily. The density of the covering must bo regulated 
according to the state of the weather, and it should be denser 
when there is a considerable range of temperature between 
the day and night in the spring. In case of prolonged drought 
the plants should be lightly sprinkled with water. 

This method has been followed with advantage in certain 
forest ranges in Prussia. A trench 10 feet long will contain 
about 5,000 1 to 2-year-old pine-seedlings. It has not, 
however, always proved successful, and it is doubtful whether 
trenching plants in autumn may not be prejudicial. More 
experience is necessary before it can be confidently 
,,recommended. 
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CHAPTEE VI. . 

DAMAGE TO TEEES BY ACID FUMES FEOM 
PUENACES, etc. 

1. Descriptinii of liijiini,* 

ivuuus long exposed to acid fumes from iron-smeltiiif 
furnaces, alkali and other chemical works and brickfields, or k 
excessive coal-smoko in crowded cities, become continuall} 
more and more sickly, and may eventually die. 

The needles of comfi.rom trees become discoloured at first on 
the side from which the fumes come, turning yellowish, thei: 
reddish, and finally falling off, probably owing to the action o: 
the'acids on the chlorophyll. The buds at first escape injury, 
but the twigs of the trees gradually die from the summit of tin 
trees downwards. In this way the crowns of the trees gel 
continually thinner, as if they had been attacked by the pine 
beetle, and they eventually die. 

BroaiUearrd trees suffer in a similar way, the damage to the 
leaves showing itself by larger or smaller reddish blotches, 
which gradually spread over the leaf till it dies and falls ofl 
the tree. The fact that most broadleaved trees are leafless 
during 'winter, when there is most smoke, accounts for their 
comparative immunity in London, whilst in Lancashire large 
coal-fires go on burning all the year round. Then, in propor¬ 
tion to the area, there is ten times as much coal burned at 
8t. Helen’s as in London, and consequently vegetation suffers 
much more in the former place. 

• Vide “Journal of the Society of Chemical Iml ustty," pp. 202—20ti anil pp. 342 
—345. Lunjje’s “Manufactureof Sulphuric Acid Alkali. ' vol. i., p. 110; vol. ii.. 
pp. 182-190. “Air and Kain,” by Dr. ll Angus Smith, 1872. Hasonclever, 
“Chemisebe Industrie,” 1879. Von Schroder, Dr. Julius, and Reuss, Carl, 
“ Beschidigung der Vegetation dutch Rauch und die Oberharzer lluttenranch* 
sebSden.” Berlin, 1803. The best monograph on the subject.—Journal of Royal 
Hort. Soc., March, 1891, “Trees and Shrubs for Largo Towns," Maxwell T. 
Ilasteni; aUo “ EffecU of Urban Fog on Cultivated Plant*/’ F. W. Oliver. 
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Fruit-trees exposed to acid fames oease bearing fruif before 
the foliage is seriously injured, and St. Helen’s was formerly 
famed for its fruit; but since 1867, owing to the chemical 
works in its neighbourhood, no fruit has been produced there. 
Crops of wheat exposed to acid fumes may to ail appearance 
be ripe and full when scarcely a grain is to be found in the 
ears. Koot-crops, such as potatoes and turnips, suffer less, 
and on the whole trees suffer much more than grassier 
agricultural crops. • ^ 

In the Tavistock woods, large areas of oak coppice ’were 
seriously injured by sulidiurous fumes from arsenic mining 
works. Owing to the dimini.shed working of these mines, it 
is now ]K)Ssiblo to replant the injured area with oak and 
larch. 

In 1801, extensive damage was found to have been done to 
coniferous woods by the fumes from the works at Freiburg, in 
8axony, in some of which sulphuric acid is made from iron 
pyrites. Stockhardt* and Schroder,! at the Tharandt 
laboratory, investigated the chemical components of the 
smoke which cause the damage, and Hamburger t has done 
the same more recently. Subseijuent noticesi; have appeared 
about damage in the Oberharz owing to acid fumes, and the 
area of forest damaged by three iron-works, in 1881, was 
about 11,250 acres. In the Altenau forest-range this damage 
has become noticeable since American ores have been smelted, 
which contain more sulphur than the native ores. 

Even hy smoko from charcoal kilns Scots pine needles 
have been reddened at a distance of 50 yards, but this is due 
to the heat of the smoke. 

2. Iiijurms Coiiqmticnts of Smoke. 

It has been proved by observations made at Tharandt, that, 
of the components of the fumes from the Saxon Works, lead, 
arsenic, and sulphur compounds, soot, etc., only sulphur 
dioxide is hurtful to woody growth, and a similar result has 

• “ThamntJtdir Jlirbch.,” vol, ix., Ifi.'iS, p. 1(19; iJso vol, xxi., 1871, p. 218. 

t W-. vol. xxu., p. 18.‘>; vol. xxiii., p. 217. 

i W.,l888,p. H4 

^ HenK, *' Ztftchrft. fi. Fret. u. Jgdwan., 1881,” p. 65. Also Cutrlbltt fr.d. ges 
Frttw.,” 1881, p. 267; H., 1882, p. 443. 
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been arrived at in the ease of eoal-emoke. In order to 
ascertain the fact, various species of woody plants have, boon* 
subjected to frequent and prolonged exposure to urlilicialiy 
produced fumes of each of tlie separate eomiKuients ol the 
smoke. Sulphur dioxide in the soil has no i)rejudicial effects 
on plants, as has been proved by watering them with diluted 
eul;^hur dioxide solution, for the gas sjieedily boconie.s converted 
into sulphuric acid, and forms harmless compounds with 
alkalies in the soil. 

The action of the .sulphur dioxide when the air is moist, or 
the leaves moistened with dew or rain, is ra|)id anil decisive; 
it is jirohably absorbed by plants in tbe form of sulphuric 
acid, being taken up in variable quantities by the loaves or 
needles of different siiecies of trees. It then proceeds from 
the leaves into the twigs. The leaves or, needles gradually 
turn brown, owing to tbe decomposition of the chlorophyll 
and tissues of the leaf. 

Sulphur dioxide iiuds its way into the atmosphere hy the 
roasting of minerals containing sulphur, and from coal-iires, 
coal containing about 2 per cent, of sulphur, chiefly in the 
form of iron-pyrites. AVbat minute quantities of this gas 
suffice to kill planks was proved in 1804 by experiments with 
spruce plants which were expo.sed to air containing only one- 
millionth part of sulphur dioxide. After 335 puffs of the air, 
the points of the needles began to turn brown, and eventually 
turned completely brown. 

It has also been supposed that the soot in smoko might 
injure forest trees by blocking up their stomata, but this 
mode of injury is not admitted hy Stiickhardt. 

As injurious compounds of the smoke of other works may be 
reckoned: vapours of mercury,* hydrochloric acid gas, oxides 
of nitrogen, and chlorine, also steam containing soda particles 
from cellulose-factories. The influence of hydrochloric acid 
from alkali-works is shown whenever the air contains O'l 
per cent, by a considerable increase in the chlorine in the 
leaves. Leaves get brown or red edges, and eventually dry-up 
and fall. Chlorine acts similarly, but more energetically. 
Hydrochloric acid is very destructive to vegetation, sometimes 

’’b “Jhrbch.," 1874, 277. 
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forming dense clouds which, after escaping from alkali-works, 
settle on fields and kill whole patches of the crops in them; 
it is, however, on the whole less hurtful to woods and crops 
on a large scale than sulphur dioxide, and the same may be 
said of the similar action of the oxides of nitrogen, and 
chlorine. Dr. Angus Smith gives the following comparative 
statement of acidity of air at different places in England 


lAtaility. 

1U‘1. 

HO. 

Riimarkii. 

lilat’kptK'i, on dll' lAiiodiii-c coast 

100 

100 

Dr. Smitli 

Loiiilon. 

320 

■2H2 

gave the pro- 
poitiuiis ill 

MaiD'lic.stiir ... 

Sin; 

110 

SO;,, anil ^lliR 
t)[ these arc 

HI. [U’len's. 

rdn 

387 

given here as 

Ui.dei'grountl lliiih'vty. liomloii . 

071 

1213 


__ .. 
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In a field near Blackpool ho found’20'27 grains of hydro¬ 
chloric acid and 155'iiO grains of sulphur dioxide in 1,000,000 
cubic feel of air, and the quantities in the other places may 
be calculated from tliese figures. 

Dr. Hamburger* states that lie exposed leaves to the action of ■ 

”-10’ m’ 1,000- 2,(11)0 hydrochloric 

acids of equivalent strength, ii being a normal solution of 
49 grammes of sulphuric acid, or 30 J grammes of hydrochloric 
acid in one litre of water. 

The normal solution produced discoloration in about half an 
hour, yellowish-brown spots appearing in the middle of the leaves 

and.extending gradually over the whole surface. The ^ took 

8 hours before signs of destruction appeared. Thej^ 

acted in about a day, but the action of the sulphuric acid was 

stronger than that of hydrochloric acid. The -^sulphuric 

l,wU 

acid produced discoloration in about a week, while the 
hydrochloric acid required 10 days to do so. 

• “Journal of the Society of Chemical Industry,*’ 1884, p, 205. 
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The acid, equivalent to 24| grammes of sulphuric aoi4 . 

or 18i grammes of hydrochloric acid iii 1,000,000 parts of 
water, seemed to have no action. Two greenhouse plants were 

submitted to a daily spray of the . acid for a month, but 

^ ■’ 2,000 

showed no corrosion. 


3. Danmie (lone, 
a. (Irtimtl Amniiit. 

Among the (lirnt kinds of damage done bv acid fumes to 
trees are:—loss of increment, thinning out of woods and 
formation of blanks, injury to fruit, especially in the case of 
orchard-trees, loss of fodder by destruction of grass in a 
forest. Damage is done imiuvdlij by rendering the woods 
liable to iosect-attacks, Jo lire and otlier dangers. 

/). Acforiling to Hinrii'x. 

Conifers suffer moro than broadleaved species from smoke, 
even although the needles under similar conditions absorb 
less sulphur dioxide and are in themselves less sensitive 
and hardier than other leaves. This is due to the longer 
duration of the needles and their consequently increased 
exposure to the had influence of the gas, and to the greater 
powers of recovery possessed by broadleaved sjwcies. 

Thus evergreen conifers are not only longer exiwsed each 
year, but the evil accumulates from year to year as long as 
the needles remain on the tree, whilst broadleaved trees 
annually throw off their leaves. • 

Schroder* found that 1,000 square centimeters of leaf- 
surface, containing double that quantity above and below, 
will, within 36 hours, absorb sulphuric dioxide as 
follows 

cm. 

Silver-fir needles, young.1'8 

,, ,, old . . . .14 

Alder leaves.7’9 


• “ Ihar. Fistl. Jhrbch.,’’ vul. xiii., 1872, p, 193. 



Fig. 299.—Saoie oaks photograpbed July, 1888, several years’ cumulative iujury 
^ having killed the trcK.* 


From Crooniaii Lecture by Marshall Ward (fufe p. 671). 
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When exposed a second time for 20 hours, the silver-flr 
needles absorbed 1‘6 c. cm., beech leaves 81 c. cm. * 

Webster* gives a list of trees and shrubs suitable for town¬ 
planting, but among conifers only mentions tbe deciduous 
Ginkgo biloha, or maidenhair tree, as tlourishiiig in tbe worst 
smoke-infected parts of London, and lietinoxpora jihiimm 
aurea, which has stood for seven years in one of the most 
snlbky districts of Glasgow, and looks almost as well as when 
brought from the country. 

Masters also recommends Giiibio biloha, and [’inns arcclsa. 

J. W. Sowerby, the Secretary to the Loyal Botanic Society 
of London, who has resided in the Botanic Gardens, llegent’s 
Park, since 1842, states that when the gardens were first laid 
out (1839-45) special mounds were made and planted with 
nearly all hardy species of conifers, and although the natural 
soil of the gardens is a stiff j'ollow clay, suitable soil was 
furnished for the different trees; but in 1895, only a few 
miserable plants remained, including five or six deodars, 
and some yews, which last longest, but were then looking 
very bad. 

Tbe amount of damage done to broadleaved trees depends 
not only on the susceptibility of tbe leaves, but also on the 
powers of recovery of each species, so that tree.s which unite 
least susceptibility to greatest [lowers of recovery will suffer 
least. 

Schroder has drawn up the following list- 

1. Conifers: Silver-fir, spruce, Scots pine least susceptible. 

2. Broadleaved plants: Beech, lime, poplars, alder, maples, 
ash, hornbeam, aspen, oak. 

The immunity of oak is not, however, confirmed by English 
experience, and Marshall AVard states that oaks suffer greatly 
from acid fumes. Perhaps the German authorities refer to 
sessile oak, which is rare in England, where the pedunculate 
oak abounds. 

A Belgian t official report also considers the hornbeam 

• “Practical Forestry," by Angus D. Webster. lUtIcr & Sun. 2n(j ©lition. 
London, 18W. 

t “llapporl par la Commission d’Euquele relative a I'influoncedcs Ernanations 
Aeidea .sur la V<*gtHation,’' quoteil by Dr. Angus .Smith in an apiwiidix to " ^ir 
and Rain.” 
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and oak as suffering most of all broadleaved specie 
%cid fumes and even places them above the larch in this 
respect. 

Borggreve at Miiiidim drew up a similar table to that of 
Schriider, in the following order 

1. Silver-llr, spruce, Scots j)ine. 

2. Beech, lime, poplar, alder, maples, and ash. 

3. Hornbeam, aspen. 

4. Oak {least susceptible). 

According to Hos.s's* own experiments elms {Vhuis mon- 
tmia and campestris) must bo reckoned among resisting species. 

The above grouping cannot always be relied on, as there 
are too many modifying factors in particular case.s. London, 
with its constant coal-smoke and numerous factories and 
frequent dense suli)hurou3 fogs, should give better practical 
results as to the comparative powers of resistance of trees 
than any merely artificial laboratory experiments. 

There are fine large flourishing plane-trees (I’latanm 
onentatis,] L.) in Cheapside and on Ludgate Hill, which are 
entirely surrounded by tall buildings, and the plane is 
growing well on the Thames Embankment and in many parts 
of London. The plane-tree sheds large flakes of its bark 
annually, and its buds are sheltered by its sheathing petioles; 
these tacts probably contribute to its immunity. 

The following account of the trees and shrubs which flourish 
ill the Botanic Garden in Begent’s Park, London, has been 
kindly supplied by J. '\V. Howerby. 

“ Of the plane there are many very large trees. Maples 
pf several species and varieties. Horse-chestnuts flower 
and fruit as well as in the country. Poplars of many 
species.; Elms, of which a belt surrounds the gardens, 
and one old elm which was on the ground in 1838 is still 
healthy. 

• "Fratl. mur.,'' 1874, p. 111. 

f Masters ami Webster iMOummeml for town planting P. orienfalu aari/oUa, 
which has Ic^b da'piy diritioti ieaves tlmn the nonnul plant, and may be dis- 
tinginshed from P, L., by the many fruit-balls attached to its 

peduncles. 

I Pojmhi rttHa/lenm, iVaf., has a reputation in the Black (.^mntry for immunity 
from the ctTects of fumes. P. halMmifcra, L., is growing well in 8t. James' Park. 
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“Lifce withstands smoke, but suffers from green aphis and 
other pests, and looks shabby in early autumn, as tlie leaves* 
fall early. Eobinia thrives for 30—40 years, but then dies 
gradually, perhaps owing to the cold clay soil of the gardens. 
Two oaks remain small and scarcely grow, but have kept alive 
for over 60 years. Laburnum does well, and so do white 
and red thorns. 

*^Of shrubs, Auciiha japonim is best, and fruits freely, and 
so do several varieties of privet. Lilacs and box do well, and 
Mahouiai fairly.” 

Webster adds the following to this list: species of lUiiis 
and CoUmcmln, Virgiuia-croeper, ivy and the vine, besides 
Daphne Laureolu, L., Skimmea japonim, liibcs sanijniiinis, aud 
Jatminuin mtdifkiruin. He also gives a list of trees suitable 
for town-planting, that generally agrees with Sowerby’s list, 
but also contains the following: Athinlhns ylandiihmt, Dost., 
Magnolia acuminata, L., Lirknknilrmi tulipifera, L., (Jalalpa 
sperma, Engelin, Morns nigra, L. lie states, however, that 
horse-chestnuts, limes, and elms soon show signs of distress 
when grown in smoky localities. 

According to tho Belgian official report, the hlack alder 
{Almis ghitinosa, Gaertn.) may be seen growing close to 
chemical works, and in situations very much exposed to acid 
fumes, but apparently suffering very little from them. 

In planting avenues, or parks, in a crowded city, however, 
not only immunity from fumes has to ho considered, but also 
the nature of the soil, the desirability of the tree, and the 
amount of shade it gives, and whether it bears radiation of 
heat from the houses and streets. The poplar, having a 
straggling crown and its branches being very brittle, is not 
suitable, while limes, except Tilia heterophglla. Vent., are 
lidble to lose their foliage prematurely in hot dry summers. 
Probably the plane and sycamore are the best trees for the 
purpose. Of oaks, probably the Turkey oak {Qaercus Cen-is, 
L.) is the only deciduous species which can at all resist the 
smoke of a large city. Quercus Ilex is termed by Masters 
a good town tree. 

In the Black Country, near Wolverhampton, Dudley and 
Bilston, the air is at present not nearly so impure as- w&s 
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formerly the ease when the shafts of the smelting furnaces 
*were open, and the furnaces themselves much more numerous 
than at present. Dudley Park is exposed on the east to the 
acid fumes of smelting furnaces, and yet ash, poplar, and 
sycamore trees are growing there fairly well with elder, 
hawthorn and hazel undergrowth, while heech appears on the 
western slopes of the park, that are exposed to open 
country where there are no furnaces. Grass grows Veil 
enough in the Black Country, and there can be no reason 
why the large extent of uneven grassy land near Bilston 
(about 14,000 acres), where the coalfields have been worked 
out, the soil being weathered shale, should not be planted 
with trees, instead of remaining, as it is at jiresent, a dreary 
waste. It is said that to level this land would cost i'lOO per 
acre, but no levelling would be necessary, it it were to be 
planted u|i with trees, which grow well enough on similar 
land in Belgium. 

There are works at Bilston for galvanising iron, and the 
molten zinc in which the sheets of iron are plunged is covered 
with chloride of ammonium to prevent its oxidising. The 
fumes given off during the jirocess are said to kill all leaves of 
trees near the works by June every year, but these fumes 
jirobably extend oidy for a short distance from the works. 

Since 11103 planting has been undertaken in the .Black 
Country muUsr the auspices of the Midland Beafloresling 
Association. (Yide Figs. 21)7, 208). 

r. Age of Trees. 

Woods suffer from acid fumes at all ages, but poles 16—30 
years old appear to suffer most. 

d. Loeiilitg. 

The influence of the locality makes itself felt chiefly by the 
direction of the prevailing winds which bring the fumes 
towards the trees. 

The Belgian Commission mentions 2,000 metere as the 
greatest distance from chemical works, in the direction of the 
prevailing winds, at which damage was observed. In certain 
cases, however, woods have been injured at distances of 
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miles from the works, bnt naturally the amount of injury^ 
done varies inversely with the distance. Trees bordering on 
the wood, and especially on woods to the east and north-east 
of the works, will suffer most. In narrow valleys even the 
smoke of locomotives has proved prejudicial to trees omeither 
Side of a railway. Oliver states that the effects of London 
fog extend to 3,5 miles westward, and that seedlings of Ciicur- 
vitaceae and tomatoes' are thus killed at even that distance 
from London. 

It has been observed, chiefly in the Oborhars, that woods 
growing on ffcrtile soil resist acid fumes better than those on 
poor soils. 

e. Cliimh. 

Exposure to light and moisture are not without influence on 
the action of acid fumes. Leaves suffer more when dew is 
resting on them than when they are dry. Thus the damage 
will 1)6 at its uniximura after rain at midday, and at its 
minimum with cool nights and dry days. The damage during 
rainy weather, though more severe than in diy weather, does 
not extend far from the works, as the rain speedily dissolves 
the fumes. 

/. Hiinih'ij Pimmislnwcs. 

'When older woods overshade an underwood, the former may 
protect the latter from damage by fumes, and trees standing 
above the general leaf-canopy of the wood, such as standards 
in high forest or above coppice, suffer most. The shelter 
afforded to crops and orchards by walls and hedges is also 
considerable. 

Damage is not so soon marked in young woods under 30 
years old as in older woods. In old woods, especially coni¬ 
ferous, damage is soon lecognisablo. Their foliage soon 
becomes thinner; the shoots dry up, and death soon occurs, 
often in two or three years. 

4. Mcliwds oj Ile.cogiimMj Damage. 

The question- regarding external or internal signs for recog¬ 
nising damage by fumes is of great scieritilic interest. 'It is 
also of practical importance, as in the disputes or lawsuits 
j)etween owners of woodlands and of smelting furnaces, the 

v p z z 



706 , PROTECTION AOAINST DISEASES. 

first ground for determination is whether the damage to 
exposed woods is caused solely by the fumes or is due to other 
causes (frost, heat, dry winds, infection, or fungi). 

There are only two methods for determining the cause of 
the damage 

(a) Chemical analysis of the injured tree-parts (leaves, 
flowers, etc.). 

(/)) Microscopic examination of the marks on the injured 
needles or leaves. 

On this subject there has ))een since 181)5 a keen literary 
dispute, in which Borggreve, Schriider, Hartig, Ramann, Vater 
and Wider have contended. Most of these disputants prefer 
chemical analysis, to determine the amount of sulphuric acid 
in the ashes of the leaves, This must obviously be done by 
a chemical expert. The excess of sulphuric acid in affected 
leavQS over the amount in leaves from woods unexposed to 
fuin’es decides the (juestion. As, however, the quantity of SO3 
in perfectly healthy leaves varies much, Vater considers the 
following conditions necessary to prove damage by fumes 

1. All injured and sound trees experimented 6 n must have. 
been growing on similar soil and at various distances from the 
smelting furnaces. 

2. As a comparison, the average quantity of SO 3 in sound 
trees must pot be taken, but sound trees must be found and 
the quantity in them measured. 

3. A. sufficient number of sample trees must be chosen in 
order that reliable results may be obtained. 

E. Hartig prefers the microscopic method, at any rate for 
spruce. He considers the foxy red colour of the contents and 
walls of the cells bounding stomata, and, when the fumes are 
very strong, the red colour of the prosenchymatous bundles, 
as sufficient proof of the poisoning. Such needles cannot 
assimilate COa. They remain apparently healthy for several 
years on the trees, and die when thA woody bundles become 
affected. 

Ramann and Soraner both disagree with Hartig’s statement 
that the change in the contents of the cells points exclusively 
,to damage by fumes, as it may be due to damage by other 
factors. 



DAMAGE TO TREES BY ACID FUMES. • 707 

Hess*therefore considers the chemical analysis as the best 
proof of damage done by fumes. i 

The presence of sulphur dioxide in the air near the 
furnaces is also an important factor in this question, and 
the air and the rain and snow that fall through it should 
therefore be analysed. 

5. Protcctke Meames. 

No thoroughly efficient measures have been devised against 
this evil. Tall chimneys, sometimes 500 feet high,'carry 
the fumes into the higher strata of the atraospheiV but it 
has been found that hydrochloric acid descends from them to 
the ground in dense clouds, and lays waste the vegetation at 
greater distances from the works than before. 

The best protective measure against hydrochloric acid is 
to got it condensed, as is now done in the British Isles under 
the Alkali Acts of 18()8 and 1870, so that less than 1 per cent, 
of the acid generated in the works escapes into the air. 

There is more difficulty in dealing with the sulphur dioxide, 
and even the most perfect smoke-combustion cannot free the 
air of it. Attempts have been made in Germany to convert it 
into sulphuric acid, but this removes only one-third of the 
injurious gas, and at Clausthal, in Germany, 1,250 tons of 
sulphur are annually sent into the air, greatly damaging the 
coniferous woods in the neighbourhood. 

The forester in districts where hurtful fumes exist ^n there¬ 
fore act only by planting protective belts of strong transplants 
of the most resisting trees in the direction of the factories, and 
managing them entirely by the selection system. Under the 
shelter of these belts it will be better, if possible, to grow 
coppice or coppice-with-standards, which do not attain the 
height of high forest. Conifers should not be grown near 
smelting furnaces. 

6 . Estiinatim of Damage. 

As owners of woods injured by factory fumes can claim com¬ 
pensation in the courts of law, the question of estimating 
the damage done is of great importance. 

In 1864 the Freiburg works had to paj A'2,750 compensation 
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for damage done to vegetation. Estimates of the valne of the 
damage must be made in accordance with the principles of 
forest vSluation, and involve much difficulty. More will not 
be said on this subject here, but references are given below* 
to German books specially dealing with it. 

• Krafl., UgIh.t (lie r.ert'chiiiiiij' der <Iiut1i lliittenrauch vcrauksstcn ScliSdi- 
guiip voii ••Ztschrft.fr. Pi’s!, ii. Jg'.ivt.,*’ 1S87, p. 270; Ru^iek, 

Id., ISKll, p. 117. 




